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FCOUND WATER AND SNOW AS FACTORS AFFECTING THI 
SEASONAL DISTRIBUTION OF POCKET GOPHERS 
THOMOMYS MONTICOLA 


ot ground ! id sno ym the | distribution of the moun 
1) pocket evopher Thomomy nO 1) | reg ed 1 asunl attention of 


obse) ers ] } |] | yp 1 ted ¢ t ho 1) 1) 1! animal makes 


snow m acquiring 1 1 \ tel le tat 1955) n { t this species 


nd wettest parts of nead re general d by the animals. Grinnell 
md Store 1924 dese) he | ( ( thie in Vo! I this pocket 


gopher with particular rel et » if tivit hn snow Howell 1924) made 


neral observations on t mobitiat ( th - C> I respect 


to drainage and 
to soil MOIUsture VIarsh il] 194] = 1 1} | HomMmowmny l/ vrede und mace ‘PTTAIN 


general obs rvations on the yintel ( ( cil or s wecount of an nimal 


actually burrowing in the sno 7 ted out the importance of snow 
in en bling Thon omus monticota to. rerrive Vy oO \\ hat vould other 
wise be dangerous terrain for the imals to ti se in the summer 

In order to study more precisely what effect ground water, including snow, 
h is OI this species ol pocket gopher. 3 live trapped, marked and 
their movements were studied in al of the vear between April 1947 and 
November 1948. Two stations two small meadows in the Sierra 


Nevadas near Huntington Lake, 10 County, California, were selected for 


this study. It must be understood that this species of Thomomys does not require 


water to drink. They are frequently found on dry granitic slopes in late summet 
many hundreds of yards from the nearest surface atel \pparently their water 
requirements are all met by the food they eat 

Station B is on the summer campus ol the Fresno State ¢ ‘ollege at an altitude 
ot JOOO feet P| 1, uppel The area ol the station is 1.4 acres, and comprises 
most of a meadow which is entirely surrounded by lodgepole pines. Along its 
northern edge is a steep slope which rises about twenty-five feet above the rest 
of the area. On this Qrassy and sedge-covered slope Is a Spring which flows about 
six months each year. In late spring the melting snow keeps the lower part of the 
station covered with water for at least two months. In summer there is no surface 


343 





9 
~” 


14 JOURNAL OF 
water on the area and most of it becom 


cept in small patches. Certain liliaceou 


open meadow the soil temperature taken four inches below the surface ranges 


from 30°C 


the 
which is used for about six 


rh 


on the first of September to 
The meadow has 
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first of February 
weeks ene 
Irtv-one pocket eophe rs 


vere mal 


ed 
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es Too dry to support orass or sedges eX- 


is plants, however, are common. In t] 


5°C under two inches of frozen earth ¢ 
been undisturbed except for a foot pa 
summet! 

ked on this st 


the 


ition over a period ol 
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th 
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mo ind fourteen of them repeat in traps enough times to enable n 
Oo map their home ranges. Because of the smull size of the meadow all but thre 
of the animals had home ranges with burrow systems extending up to th 0 
on the higher ground the edges of the open meadow 
si on ( small are Lcomprising on half aere the upper end of a fifteen 
re meadow which is the source of a small but permanent stream (PI. I, lowe 
Chis station is chosen because it represents an “‘island”’ of grassy vegetati 
Imost entirely surrounded very wet, boggy soil which in winter is frozen. T] 
1ole meadow is composed of a series of these small grassv “‘islands”’ or bench 
and is surrounded by lodgepol pine and red fir Station ( as occupied by fol 
1 por et gophers in the summer and autumn of 1947. all of which were ne 
| from the woods by earth which w O et for burrowing. These an 
TY ked nad the } eat nee Tt ¢ } es blished repeated catch 
n orde measul ble line of hol s drilled on the upp 
the n cd lso crossed s on ( lig The water 
I t etTerel he ) ng ( the anim: 
zed } p f | . 
on opnhe I Ol Spol ( e onset i win 
1 I l"} both the : nd by 
( \} hye DO tl I | sep nin each 
nil | n nm B bes 1g » highe v na } rees | 
meado rhe grow he open mead m troz om 
neh lee} nd remaimed zen unt he middle « VI; Durin 
he no evidence ophe ork in the m | excep here tl 
I 7 ) on roug! he sno tron the nes rie he ree s 
of the marked anim ere trapped under the tre n 1 oose hun f 
Phe hen the trees does not ( does no CeEZ nd in 
nt o face workings are continued t ughout tl nter. In eacl 
nter burro vstem under the tree san extension of the system tl! 
1 ecupled | particul inimal in the open meadow the previous sun 
Phre nimal hose ranges were from 80 to 150 feet awav from the marg 
the meado remained on their summ«e ranges all inter. Thev came 
frozen ground and established nests in the snow. These snow nests were sphe 
In shape and were about ten inches in diamete) Chev were constructed 
grasses and the husks of a small corm (7 a ou which the anim 
ror tood Lhese Snow nests are not different In structure trom one vhich \ 
eighteen inches under the loose soil at the base of a large lodge pol pine 
margin of the meadow From these snow nests the animals established a me 














\ 1949 : ; 
44 IN LES PO ‘KET rOPHI RS 3 
( Ne] ( ( ‘e] 15 














h{} 


\ snow 


JOURNAL OF MAMMAL GY 


PLATE II 


burrow plugged with ends of 


\ tunnel dug just unde: the snow 


grass 


over! 


blades 


grass 





meadow 





ot 
} 
7 () 
~ 
? 
, 
{ [ 
) 
1] 
or sj 
1 
+? mal 
( 


T 


GOPHERS 


wN) 


; hese 


yp of a stump in 


the surface Here 


4 
, snow nes Was 
ales hors > 


he iter-soaked 
LOO teet away DY 

t ne ni Is had 
nd had crossed 
1 ows, ol served 1! 





l 1938) believed 

Nevada to remain 

¢ nal tart out 1n 

se with Thomomy 
ned . wet 











348 JOURNAL OF MAMMALOGY Vol. 30 
The for marked pocket gophers on station C remained there 
sno had covered it. There was considerable activity under and throug! 
snow throughout the winter, and it seems not unlikely that the animals continued 
to stay until the spring thaw brought the water table close to the surfac« 
sround (Fig. 1). On June 1, 1948, two snow bu vs were found leading from thx 
station up the remaining drifts to higher ground about 150 feet away. Wher 
t } 1 iplet lv melted two veel later on] two Tt | t gopl rs ( 
t] ( nd only one of these was marked. This animal had changed burt 
! of 60 fe rom thx ie it had oceupied durir he ] 
summer. This burrow system was on one of the two remaining areas whi 
te le was still twelve inches below the surface. The othe re lj 
t} I ( ipied by the unmarked pocket gopher. This latter area had ] 
Occup! lbvya mar] ed indivi lual during tl previous summe! It is DOssible t] 
the marked animal which was still on the area never left the station durin 
nter or even during the spring thaw although a snow nest could not be found 
In summer this species of pocket gopher will extend its exploratory burrows o 
ver muddy ground just above a shallow water table, but its permanent burt 
neludins nest were never found in soil with the water table less than 4.3 feet 


the surface. Whether the marked animal had remained on the area or had 
recently returned does not alter the fact that its entire burrow system was at tl 
Time ¢ er a twelve il ch watel table Neither oT th Se Two nocket goph¢ rs 


the station by August 16 when the water table was a little more than fou 


from the surface (Fig. 1). The “unmarked” animal (marked in June) w 
it that time 150 feet west on the relatively dry hillside bordering the m 


In order to reach its new range it had to cross over the surface on the wet m« 


slope Apparently these two pocket gophe rs left the station because ths 

table did not recede fast enough for them to establish permanent summer bur 
sy the middle of August the station was connected to the hillside east o 

meadow | a narrow corridor of moist but burrowable soil. By the first 

September an unmarked pocl et gopher had entered the station by this cot ] 

leaving a line of nineteen surface mounds over a distance of seventy feet whicl 


bv the first of October had been extended nearlh 100 tee out onto the 


An adult female was taken in this burrow system. About the same tim« 


mound appeared far out on the station without any obvious connection to 
woods at the margin of the meadow. A half-grown juvenil which had apparel 
just moved onto the area by moving over the surrounding wet surface, was el 
ll this burrow 

[It is obvious that both juveniles and adults may move from an ar 
too wet to a more suitable location by traveling over the surface 


that po ket gopher may reach : suitabl area several vy: rds away by burrowing 


throug! the soil provided the watel table is low enc ugh to permit it to do S( lr} 
occupancy of suitable areas, however, seems to be largely determined by chanet 
At both stations there were home-range areas occupied in 1947 that were ul 
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948 that had no ani 


occupied in 1948, and new areas were occupied in 1 
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As winter approaches those animals living at the margins of a meadow move 
underground onto higher ground beneath the trees. Here the humus soil and 
better drainage prevents the soil from freezing and a limited amount of surface 
working is found even in winter. As the surface water disappears in late spring 
these animals move out onto the open meadow and occupy approximately the 
same home ranges they had occupied the previous summer, but ultimately may 
move onto contiguous unoccupied areas. 

Pocket gophers living farther out away from the margins of the meadow remain 
there through the winter until spring when they are compelled to seek higher 
ground to avoid the rising water table and surface water. These animals get their 
food largely from the surface of the ground by burrowing just beneath the snow 
Sometimes their nests are actually made off the ground in the snow. None of the 
pocket gophers found their ways back to their previous home ranges although 
one did appear the second summer on the same statior 

Ecological barriers, such as very narrow strips of wet soggy soil, frequently 
prevent the animals from attaining suitable home range sites 

This species occasionally makes tunnels over 100 feet long through the snow 
Sometimes cores of dry grass, earth, and other waste material are found in these 
snow tunnels. The length of the cores varies roughly with the length of time the 
snow is on the ground. One measured thirty-nine feet long without its lateral 
branches 
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4 POPULATION STUDY OF HOUSE MICE (MUS MUSCULUS) 
FOLLOWING A PERIOD OF LOCAL ABUNDANCE 


By Francis C. Evans 


Introductior It is well known that populations of animals and plants are not 
ic structures, but are dynamic, constantly altering in size. Some of these 


alterations are irregular fluctuations; others have been shown to be cyclic in 
character, recurring periodically. For a few species, the rate of population growth 


inder laboratory-controlled conditions has been worked out in considerable 
detail, but similar knowledge of populations in their native environments is still 


The factors affecting the growth of natural populations likewise are obscure 
and poorly understood. The apparent correlation of certain population cycles 
with sunspot cycles has long been noted and its significance disputed. The abun- 


e or searcitv of food. the extent of predation. and the 


incidence of disease 
have often been cited or suggested as controlling factors. Much talk about 
density-dependent and density-independent factors is frankly speculative. It is 
encouraging that recent students of populations have begun to analyze more 
carefully the structure of populations irious stages of their development and 


to investigate their reproductive physiology. We need to know more about sex 
ratios, age classes, breeding portions of the population, numbers and sizes of 
litters, extent of immigration and emigration, and similar data before we can 
intelligently appraise the causes of population change. 

Studies of house mouse (Mus muscul populations in non-laboratory environ- 


ments are few. An excellent paper by Laurie (1946) on the reproduction of house 


mice from four different types of nat iral (though man-made) habitat is based on 
extensive data from killed specimens. Southern and Laurie (1946) describe popu 
lations of house mice living in corn ricl rom complete censuses or samples 
1] permanently removed from their environments, and refer to the most 
important previous studies of house mouse ecology. Baker (1946) employed live- 
rapp nd marking techniques to study wild and commensal house mice on 
Guan 

During the winter of 1941-42 opportunity came to study a population of house 


mice on the campus ol the University of California College of Agriculture at 
Davis (Evans and Storer, 1944). Local complaints of mouse abundance were 


frequent in the preceding autumn, and early in January, 1942, there were reports 


large numbers of mice in the Agronomy Seedhouse, a small building used to 
store experimental seeds and grains. Investigation confirmed these reports, as 


shown in the following field notes: 


[en mouse traps, of the ordinary ‘break-back’ variety and four ‘Delusion’ 
multiple catch) type live traps were set at about five P.M. Within ten minutes 


Of setting, five traps had sprung, ea h catching one mouse. It is impossible to 
mate the numbers that must be present, but they were running all over the 
room, and squeaks and rustles could be heard on all sides ” Jan 7 


‘One of the ‘Delusion’ traps had 12 mice in it ” (Jan. 8). The available 
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evidence pointed to a small localized ‘‘mass outbreak”’ similar to that at Davis 
in 1926 (Storer, 1931) and to larger irruptions at Buena Vista Lake (Hall, 1927 
and in Australia and Russia (Elton, 1942). The population here described was 
much smaller than most of the reported outbreaks, but the observations may be 
of value because of the extended period of time through which the population 
was followed and during which no effort was made to terminate the irruption 
artificially or otherwise to disturb the natural course of events. 

The field work for this study was done while I was Junior Zoologist in the 
Agricultural Experiment Station at Davis; the material was analyzed and written 
up at the Laboratory of Vertebrate Biology, University of Michigan, where I am 


) 


now stationed. I am greatly indebted to Professor B. A. Madson, Head of the 
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Fic. 1.—Floor plan of Agronomy seedhouse, University of California, Davis. A 

e, 
B. ¢ ig OI whe re rappl! lor ( equipn t and m chit er I m; UD 
rt rag re I | ] ( i t f 
Department of Agronomy at Davis, who permitted use of the Seedhouse to make 


the study; to Mr. E. E. Horn, U.S. Fish and Wildlife Service, who generously 
lent some of th« traps used; to Miss Nanc\ Matthews for assistance with thi 
field work; to W. G. Hillard for a floor plan of the Seedhouse; to Mr. John A 
King for drawing Figure 1; and to Dr. T. I. Storer and Dr. L. R. Dice for advice 
in the preparation of the manuscript 
Program and technique On January 7, 1942, a live-trapping program was 


initiated in one room of the Seedhouse (Fig. 1,B). Seeds and grains were stored 
here in metal containers with lids, but small quantities became scattered on thi 
floor and tables in handling the materials, thus affording a limited food supply 
for the mice. The room measured twenty-one by forty-two feet, and all trapping 


within the building was done here. Adjacent parts of the building housed several 


farm machines, some alfalfa, and other supplies. Additional traps were placed 
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number of trapping units varied from month to month (Table 1), but was of thi 
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or unm 


and ear! 


these latter times seemed sufficient to take 


side; therefore, the population of the room at any given 


entire building. Evidence as to egress and ingress will | 


The population of this room seemed at or beyond its 


The rapid and continued decline of unmarked mice in 


take of the population in the first few months 


additions to it during the summer and early f 


ing individuals to breed or to immigrate from 
lso in the total number of 1 ptured « 
KNOW tT } f eC Ni mice Wwe 

through October, al h the ere still pre 


the individuals caught in November or December was known to have been pres 


ent in the earlier indoor population. T] fairly ec incing evidence that tl 
population suffered erash”’ to the point of extincti nd the partial “re 
covery” in the late fall i tributed to the immig of individuals 
outdoors. The indoor population of the winter of 1942-43 began to devs 
November but there was no concentratiol lil t} ( ni vious vVinte 

The decrease in numbers caught each month fron ry to May appear 

o be linear, involving ar loss of thirty e dividuals per mont 
Ch meal tl t the r ( adecrea I nay ! T I ilat y? dec] ( 
Comparing the numt taken in a given mont for the month p 
ceding, the rates of decrease were as follows: February, 26 per cent; March, 31 


t10 n rate of dec se is even more abrup I 
ulive Cras! dic TIONS T enth oe 
from the populatior 


Est mater populaito The proportion 
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during the interval between samples. Premise 1 requires that trapping procedures 


in + +x 


.e two periods be identical, that all individuals remain equally trappable from 


1.—Trapping schedule for study of } e mice at Davis, California. Dates given 





Jan. 7 14 
J 2-10 32 
j 3-16 1 
J 17, 19-24, 27-3 Fet 7 10-13 92. Mar - 
{ 7 ) 94.2 Ay 9 30 6 
\ s 60 5 
4 0) 4-17 30 f 
Apr. 21-25, 30; M 30 
1; J I 27 
J i-2 27 
24-27 a 25 
Ju . 1; Au i — 35 
4 oF nor 4 29 0) ) 9 0 = 
] 31; N De 4 15 5 
| 
| 
2.—St California 
LAR ¥ ¥ {MAR WNT 
f i( sf 6 76 136 60 76 136 
) ad f mn ‘ ) 119 
3 ) D1 77 
2 26 6 37 
0} { 5 
) 0 0 
) { ) ) N 
™ ‘ I U { ) t) 
t} { t} {) {) {) 
mi) ) 0 . 4 ) 2 
T) ” 2 5 } 2 5 
Entir wr 94 41 | 235 41 | 235 1 | 141 | 235 
include ne individual marked outdoor August 
' 14 ad 1 that the marked individuals be dispersed at id , 
period to period, and that the marked individuals be dispersed at random among 
the unmarked. Intervals between trapping periods must therefore be short enough 
to avoid changes in the marked:unmarked ratio but long enough to ensure 
s random distribution. In certain cases corrections for such aspects of Premise 2 
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ive from month to 
ve been analyzed for age composition (Table 4). This analysis has 
allowed for the development of immature and subadult individuals and their 
consequent transfer to older age groups when indicate 1 by repeated obst ry ati ns, 


he respective percentages of the age gro ips in the total population for the month 
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provide an indication of the age structure. The percentage of subadults rose 
steadily from the least significant element in the population to the predominating 
one. Both adults and immatures steadily decreased from January through April 
(figures for May are too few). Despite the crudity of the criteria for age determi- 
nation, the population apparently became more homogeneous as to age as it 
declined, finally being largely non-productive individuals. Such a trend would 
obviously lead to self-extinction. 

TABLE 4 Age structure of the indoor population known to be alive from month to month 
Study of house mice at Davis, California 


PERCENTAGE OF 
1942 MALES EMALE TOTAL POPULATION 
January 
Adults 34 29 63 46.3 
Subadults 2 5 17 12.5 
Immatures 14 42 56 41.2 
Febr 
Adults 31 19 50 42 .( 
Subadults 20 17 37 31 
Immatures ) 23 32 6 
Marci 
Adults 17 14 3] 10 
Subadults y 20 29 7 7 
Immature 0 17 17 2 
4 pril 
Adults 7 j l 29.8 
Subadults 3 20 23 62.2 
Immatures l 2 3 8 
Ma 
dults 0 ( (0) 
Subadults 0 { 80 
Immatures | 0 0 .{ 
Growth rate of individuals The growth rates and changes in body weight of 


small mammals iz 


natural environments are poorly known. It is difficult and 
often impossible to make the necessary measurements in the field. Furthermore, 
individuals are rarely caught frequently enough or over a sufficiently long period 
to indicate rate of development. Finally, the weight may fluctuate considerably 
in a short time; I have observed voles (Microtus 


least 20 per cent 


that increased 5 to 7 grams (at 
in body weight within five minutes through water consump 
tion, despite previous access to water. No matter how accurately or frequently 
weights are taken, their interpretation is open to question. Nevertheless, weight 
records are of much relative value and should be made 


In the present study, some reasonably accurate and extensive weight records 
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were obtained. Figures for forty-four mice with records of thirty days or more 


between first and last weighings have been analyzed for weight changes (Table 5). 
Only seven mice showed gains of more than 2 grams; of these, only three, all 
ibadult males, gained more than 3 grams. No other data for house mice de- 


vel ping under natural conditions are available fo comparison. Green (1931) 


studied laboratory-bred individuals of “‘the ‘Little’ inbred strain of dilute brown 
non-agouti M musculus;’’ his growth curves indicate an average increase of 


weight for males over a 30-day period from 11 to 20 or from 15 to 21 grams and a 


corresponding gain for females from 11 to 17 or from 15 to 19 grams. These 
boratory-reared mice presumably e kept under optimum dietary conditions 
that their growth may not correspond to that of natural populations, but the 


mice considered in Table 5 seemed abnormally slow in their growth rates. In 


vith the few exceptions noted above, the increase in weight was so slight 








uggest that development was essentially at a standstill 
4 A I) } 0D lation of house mice 
lf) ( ) 
‘ T EN FIR AST 
i AM 
RECORI 
| In res (11 > 5 Q 3 32-97 
Subadul 5 5-11 24 3 6 31-88 
\ 18-21 12 2 30-78 
| 
It has alreadv been pointed out that the food supply in the room consisted 
hiefly of a small amount of grain and seeds accidentally scattered about on the 
floo1 ‘ nd sk t lve ~ Chere was ho more sul stantial source of food elsewhere in the 
lding. The apparent lack of adequate food probably contributed to the failure 
il normal grov th. and search for furthe food may have been a cause for constant 


shifting of the population. Laurie (1946) found a relatively low rate of pregnancy 


mong ‘urban mice’ and suggested that this ‘“‘is probably associated with the 
omparative instability of their habitat, i.e. the greater amount of disturbance 
to which they are subjected, and their more scanty diet.”’ 


Mortalita Of the 235 mice caught, fifty-three definitely succumbed to the 
effects of trapping after histories of varying lengths. This mortality was dis- 
tril ited acct rding to mol th as follow s: J nuary, 13: February, 16; March, 7; 
\pril, 15; May, 2. The percentage mortality in the population known alive rose 


to about 40 per cent in April. The traps were almost always supplied 


sharoh 
th plenty of food carry the mice throug! 44-hour period under normal 


conditions of health. No pathological study was made of the dead mice, but notes 


ere kept of apparent abnormalities. Most of these mice were already dead when 


the traps were open d:a few were moribund und Incapi ble f maintaining natural 


equilibrium, and in one case there was paralysis of the hind quarters. Other 


} 
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abnormal signs noted included pure white feces (? undigested rolled oats or flour 
and dark brown (? bloody) urine. This scant evidence, together with the seem- 
ingly depressed growth rate, suggests that the population was in a precarious 
state of health, making it particularly susceptible to mortality factors. The 
limited food supply was probably insufficient to support the large numbers pres 
ent, and slow starvation may have been the major factor for the poor health of 
the population. 

Sex ratio.—The figures in Table 2 indicate a sex ratio of 66.7 males per 100 
females for the 235 mice caught during the year in the one room. With the possi- 
ble exception of February, this preponderance of females was apparent through- 
out all of the early months of the study. The marked population started in 
January with sixteen more females than males, and the additions in February 
brought seven more females than males, yet the population known to be alive in 
February apparently had an equal sex ratio. Therefore, females must have been 
disappearing from the population at a greater rate than males. This difference in 
rate does not seem to have continued, for in March there was again a greater 
abundance of females, largely through the addition of twenty-seven females 
and only three males. The inequality in sex ratio remained throughout the rest of 
the population decline 

Table 4 shows that females consistently exceeded males in the immature agi 
group from January through April. In the subadult group, there was an excess of 
males in January and February, but more females than males in the subsequent 
months. Among the adults, males continued to outnumber females, but the de 
cline of this age group reduced its effect upon the total sex ratio. The super 
abundance of females can apparently be attributed principally to an unequal sex 
ratio in the younger mice being added to the population. This discrepancy be 
tween the sexes might be explained as a difference in “‘trappability,” but there 
was no evidence to support such a suggestion. An unequal and fluctuating sex 
ratio may well be characteristic of a population that is unstable in other respects. 
Laurie (1946) found a preponderance of females in the temporary populations 


inhabiting corn ricks 
THE OUTDOOR POPULATION 


Occasional reports of “house mice”’ in fields and meadows suggested that the 
local increase in abundance was not confined to indoor populations. In January, 
1942, fifteen to twenty traps were set in grass and herbs on the levee of Putah 


Canal, one mile south of the Seedhouse, to catch meadow voles (Microtus cali- 


fornicus) which were also abundant; the ten traps set in Microtus runways caught 
seven house mice on January 21 and nine on January 23. A few traps, later in 
creased in number (Table 1), were placed outside the Seedhouse and run con- 
currently with those indoors to provide a check on the movements of mice 

Only twenty-one individuals were taken outdoors in the vicinity of the Seed- 


house during the year (Table 6). The outdoor figures are therefore too small for 


analysis and because of differences in the extent of trapping cannot be compared 


directly with the figures for the indoor population. They suggest a less dense or 
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smaller population outdoors which, after the complete disappearance of the mice 


inside the Seedhouse. continued to exist without marked change. 


Indirect 
pellets of 
Evan 


and Emlen, 


wl 


1S stu 


1¢ 


1ich roosted in a tree 


ly covered approximately the same period 


information about the outdoor population was obtained by analyzing 
barn owl (Tyto alba 
1947). T 


near the Seedhouse 


January, 1942, to January, 1943) as the house mouse investigation. During the 


vear the 


irems re 
mm HQ9 : 
Lee 50 1 


.pril 17, 102; 


owl caught at 


least 283 house mic 


ndividuals were taken by 


between April 18 an 


n that of an 
the owl as follows: be 


1 Julv L7 


- Sane betwee! 





», Which formed 27.8 per cent of all food 
presented and considerably more th: 


y other prey species. 
‘tween early January 
1 July 18 and October 


23, 78; between October 24 and January 19, 28. Comparison with the data for 
ther | species (chiefly small mammals) shows that the decline in consump- 
TABLE 6.—St t Davis, California 
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n. The inalysis cates tl larger territory the house mouse 
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MOVEMENTS BETWEEN POI IONS 
0 outdoo Only three rec¢ movement in this direction are 
ible. An adult female, caught d released indoors on January 9, was not 
ptured until March 13, when it was again taken indoors. Thereafter it was 
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caught indoors fairly frequently up to and including April 9, and on April 10 it 
was dead in one of the outside traps. An immature female, caught and released 
indoors on February 20, was taken indoors at intervals up to and including May 


19; on May 20 it was caught in an outside trap. It was next taken on June 27, 
again outdoors, and several more outdoor captures were recorded up to and in- 
cluding July 14 when it was last taken. Another immature female, caught and 
released indoors on March 14, was taken at intervals, always indoors, up to and 
including May 15. It was next caught on July 1 in one of the outdoor traps and 


| times, always outdoors, up to and including July 30 when last 


thereafter severa 
taken. 

Outdoors to indoors.—Only one mouse was known to have moved inside: an 
immature male, first caught and released outdoors on August 7, was not recap- 
tured until November 1, when taken in an inside trap; it was not seen again. 

These meager records show some contact between the indoor and outdoor 
populations. In view of the extensive trapping, it is surprising that more records 
of movements were not obtained, unless such movements were relatively rare. 
Probably it was no mere coincidence that the three movements from indoors to 
outdoors were in the spring and early summer and the single reverse movement in 
the fall. None of the mice captured indoors in November and December was adult 
or was known to have been present indoors earlier in the year, and the outdoor 
population was probably the source from which the beginnings of the new indoor 
population were recruited, 


SUMMARY 


A live-trapping study of house mice (us musculus) was carried on at Davis, 
California, from January 7, to December 24, 1942. Both indoors and out, mice 
were marked, examined, and released for recaptur 

There were striking differences in the frequency of capture of various mice. 
Some were regular repeaters day after day, others were recaptured only after 
long intervals, and still others were never recaught 

During the year, 235 house mice were caught in a room twenty-one by forty 
two feet. This indoor population declined rapidly and disappeared completely 
by June. A new population began to develop in November, but did not approach 
the concentration of the previous winter. 

Daily estimates of the indoor population by the proportional or ‘Lincoln Index’ 
method consistently fell far short of the numbers of mice known to be aliv 
Marked individuals were evidently not being dispersed at random through the 
population which was sampled. This suggests that this population was constantly 
fluctuating in size and composition. 

As the indoor population declined, it apparently became more homogeneous as 
to age, finally consisting largely of non-productive individuals. 


Only seven of forty-four mice showed gains in weight exceeding 2 grams over 


periods of thirty days or more. In general, the increase in weight was so slight as 
to suggest that development was essentially at a standstill. The lack of an ade- 


quate food supply probably contributed to this failure in normal growth. 
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A few observations of mortality due to trapping suggest that the indoor popu- 
lation was in a precarious state of health, in which slow starvation may have 
been the major factor. 

The sex ratio for the 235 mice caught indoors was 66.7 males per 100 females. 
The preponderance of females was apparently due primarily to a superabundance 
of this sex in the younger mice being added to the population 

Scant trapping figures for the outdoor population suggest a less dense or smaller 
population which did not disappear simultaneously with the indoor population. 
A study of barn owl pellets indicated that the outdoor population may have 
undergone a somewhat less severe decrease. 

Three mice were known to have moved from indoors to outdoors, and one 
moved in the opposite direction. Such movements were apparently relatively 
rare. Those from indoors to outdoors occurred in the spring and early summer, 
and the reverse movement was in the fall. The outdoor population was probably 
the source from which the beginnings of the new indoor population were recruited. 
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SEX AND AGE DETERMINATION IN THE OPOSSUM 
By Grorce A. PETRIDES 


Outside of the laboratory, where it has been rather intensively studied, the 
opossum (Didelphis virginiana) has been little investigated. In many states 


throughout its range, the opossum ranks as an important fur species and in some 


it is valued for its meat. Though t 


he price of the meat or fur of an individual 
opossum usually is low, collectively the annual opossum crop is of considerable 
economic significances 


} 


Despite its importance, scarcely any attempts have been made to conduct 


state-wide surveys to serve as guides in the management of opossum popula 
tions. This probably is due in part to a lack of suitable techniques for collecting 


data bearing on the species. Sex ratios and numbers of young per adult female 
are important indicators of productivity, and under some conditions these ratios 
also may be used to measure the sizes of animal populations and the extent of 
fluctuations therein (Kelker, 1945; Petrides, 1949). The full extent of their us 


fulness in studying opossum populations has not been explored. 


The present study was undertaken primarily to determine methods for rapidly 
determining the sex and age of opossums particularly during the trapping season 


Dat eporté d here which are pplical le to other seasons were collected incider { 


to § ar or otne Sp 1¢ i not as detailed fol the Se periods as could be 
desired. ] rmation is provided, however, which would seem to be useful in 
aiding future intensive field investigations into the life history and ecology of thi 
opessum as well as in assisting in more extensive surveys. Since during the breed 
ing season the capture of a female usually also results in the capture of a litter 
the opossum lends itself unusually well to studies of reproduction. Data are 
provided permitting the determination of the age of immature opossums, thus 
est blishing { basis fot estimating the dates of reproductive events 
techn dq ] This study, part ot My doctoral asst rtation, was con 

plet wh v serving as Assistant Leader of the Ohio Cooperative Wild 
life Research Unit at Ohio State Univ Ts)t) [ am indebted to the entire staff 
of tl D | nent ol Zoolos I Entomology at the Ohio State Universit and 
especi to Drs. ¢ rl D hand Daniel J ly for their constant in 
terest, encouragement, an vice. These men and Dr. Earl L. Green of the 


University staff critically reviewed the manuscript. Dr. Eugene Dustman, now 
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Wildlife Research Unit. Messrs. Joseph Schwartz, owner, and Edward Frazier 


skinner, Columbus Hide and Fur Company, Qolumbus, Ohio, generously pet 
mitted the examination of bought pelts and carcasses. Mr. Frazier also helped 
grea i saving certain specimen materials. 
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Study material——During this study, forty-eight different individuals were live 
trapped a total of sixty-one times, forty-nine whole or skinned carcasses were 
studied, 377 pelts were examined, two animals were held captive for a few months 
each, and a number of museum skins and skulls were examined. The trapping 
was conducted largely in the Botany Garden on the Ohio State University cam- 
pus. A few live specimens also were taken elsewhere in Franklin County, Ohio. 
The live-trapping period was mainly from July, 1946, to October, 1947. The 
fur dealers’ pelts and carcasses were examined between December 3, 1947, and 
January 17, 1948, at Columbus. These specimens could have been killed as early 
as November 15, however, and for the most part probably came from the ten 
counties nearest that city. 

Growth of young opossums.—Hartman (1928 and earlier papers) and McCrady 

1938) have described the early stages of the development of the opossum in 
great detail. After a brief gestation period of just under thirteen days, the young 
are born in a naked and relatively undeveloped condition. Nevertheless, each 
makes its way into the mother’s pouch and attaches to a teat. Within a few days 
after nursing begins, the nipples become enlarged and the young opossums are 
unable to release their hold. They remain in place, therefore, until, after consid- 
erable growth, the jaws can be opened and the nipples released. Over two months 
are spent in the pouch and an additional period of about thirty days passes 
during which the young travel with their mothe: 

When 90-100 days old the family breaks up and the young begin independent 
existences. At this time the young animals are only slightly larger than rats and 
have incomplete series of teeth. As they undergo rapid growth additional pre- 
molars and molars are acquired. Sexual maturity often is reached before a large 
size is attained. One female was tagged during this study on October 3, 1946, 
when she weighed a mere 340 grams. On April 1, 1947, she was recaptured with 
nine young in her pouch and was found to weigh 1800 grams. From these data 
it is estimated (see beyond) that the mother was born about June 1, 1946, and 
successfully mated about February 2, 1947, at an age of approximately eight 
months. Another female has an almost identical record. Reynolds (1942) records 

similar instance in Missouri of a small October female breeding after being 
released from captivity the following April. Hartman (1928) records breeding 
females which weighed as little as 660 grams, but their small size could have been 
a result of captive conditions. It is apparent, however, that young born late one 
year may breed early during the next reproductive season. 

While no tagged female was observed with two litters during this study, the 
estimated birth dates of trapped young animals extended from early February 
to late May or early June. Probably two litters per female are born frequently 
in Ohio as they are in Texas (Lay, 1942) and in Missouri (Reynolds, 1945) 
Since some females which had not bred were found as late as April in Ohio dur- 
ing this study and in Missouri by Reynolds (1942), apparently not all young 
females produce two broods. In Texas a limited number of recaptured females 
indicated to Lay (1942) that nearly all females there may bear two litters per 


year. 
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’ 


From observations during this study and at other times, it appears that, in 


general, males may attain a larger size than females. Of forty-eight females 
weighed and measured, none weighed over 3000 grams or had a total length of 


more than 760 mm. Of thirty-five males thus examined, seven exceeded these 


dim«e sic The 1 ) lara ST eighed 1734 d 1366 grams and were R20 and 
840) mi respectivel 
SEX DETERMINATION 
Pouch young.—The sex of an opossum is easily distinguished from the time 


it is eleven (McCrady, 1938) to seventeen Reynolds 1942 days old—a sight- 
less, jawless, foetus-like suckling in its mother’s pouch. Pouch young, after this 
age, display obvious scrotal rudiments in the male, despite their embryonic 
appearance otherwise (Pl. I). In many small, naked female young, the outlines 
of the pouch and the eleven to seventeen minute nipple rudiments are distinctly 
evident. Me ‘rady (1938) has described in some detail the early growth of the 
sex organs in the opossum 

Free-living individuals, and carcasses.—At all ages after the first two weeks 
the presence of the prominent scrotum identifies the male; its absence is suffi- 
cient evidence of a female. The pouch may not be well developed in young fe- 
males and, in any case, may not be very obvious unless occupied by large young. 
The opening is in the mid-ventral region (Pl. II). The penis, when not erected, is 
normally withdrawn into the urogenital sinus 


‘ 


Pelis—Opossum skins are commonly prepared as cased pelts with the fur 


side in. They are most easily examined after they have been removed from the 
stretche . The sex and age of the pelts can be determined, however, even while 


they are fresh and on board stretchers, but to do so increases the chances for 


erro) 

Probably because of their limited value, opossum pelts rarely seem to be well 
prepared. In Ohio, at least, they are commonly ripped off the carcasses as rapidly 
as possible. The scrotum of males is allowed to remain on the skins in the majority 


of cases. Where it has been cut off there usually still remains a black blotched 


area of nearly bare, heavily pigmented skin which is characteristic of the scrotum, 
scrotal peduncle, and adjacent belly skin of the male opossum. The thin skin 
of the belly region sticks to the carcass and is torn away from the pelt in many 


female and in some male skins. Plate II, upper, shows a male skin (left) and two 
] 


1OCa 


larger female pelts (center and right). As indicated in this photograph, thi 
} 


tion of the pouch of the female, even in the skins of immature animals, can be 
distinguished easily from the flesh side where thi belly remains in place Even 


the locations of the teats are usually evident. As will be mentioned again later 
the pouch fur of adult females is sparse and is usually of a peculiar dark burnt 


orange color. When its presence is in doul inger may be inserted in the skin 


to probe for the pouch. This is often the easiest way to determine its presenc 


Sometimes it may be : dvantageous to hold the skin up to the light, peering int 


the furry interior to perceive the darker pouch folds by transmitted light. Where 


this area is torn away (as in the right hand pelt, PI. I, upper) a se rch for remains 
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the pouch Ol nipples should be made : long the edge of the torn area before 


ssuming that the skin is from a female. Som« skins cannot be sexed accurately 








right ( ut iam ich of fel ree ung about 45 davs old. Sn 


he belly region is badly damaged. Sex ratios derived from hunting and live 
pping, however, are similar to those from pelt examination (see beyond 


ch may indicate that pelt examination methods are not likely to be far wrong. 
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young up to fifty-six days by weight and up to ninety days by length. He also 
discusses other criteria of age through about the third month and provides a 


curve of length on weight up to 200 millimeters and 180 grams. Moore and Bodian 
1940) and Reynolds (1942) give additional data of the same type 

From the information provided by these workers, Table 1 has been devised 
to aid in estimating the dates of birth of pr uch young It is ¢ mpl asized, however, 
that all of the measurements of young opossums there presented apply to aver 
age individuals. Insufficient data are available to determine normal deviations 
e animals that young of the 


+3 
LIV 


from the average. Reynolds (1942) found in cap 
same age varied in size and weight pparently ace rding to the amount of food 
eaten by their mothers. He did not believe that weight or length beyond fortv 
TABLI { I { ] CC ng length 1 weight 
Mod } , Ba 92: Mf Bodian, 1940 
A RUM MM 8 H RAM 
).13 
e 4 
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6 1M) 95.0 
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Qn By 80.0 
on Qy Asan t 
Following tl te . Moor nm and R ld he distance be 
he nd tl nu measured 
days of age were as useful age criteria vert her characteristics. Hartman’s 
data (1928) indicate that the young within a litter may vary in size to such an 
extent that the re appears to he an age d ffe rence f ive davs or so | etween the 
extremes. Differences between the ages at which individuals of different litters 
for example, also apparently may vary by ten days or so. Fairly 


open their eyes, . 
ccurate estimates of the age of pouch young should be possible by using the 
rages of measurements for each litter. Probable dates of birth and mating 
birth date minus 13 days are easily derived. 
] 


It may be helpful to reco id in computing snout- 


tal length figures to aid ix 


d a few to n 
are available. These data are for 


rump measurements where 


Aili} 


only total lengths 
was estimated from Table 1. The first figure is total 


pouch young whose age 
length, the second is snout-rump length, and in parentheses is the age in days 
30, 30 (15); 55, 47 (32); 85, 65 (42); 245, 145 (78 

Attributes other than measurements also are of value in determining the ages 
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of juvenile opossums. The following facts have been assembled from Hartman’s 
(1928) data. In regard to teeth, this author does not indicate whether he refers 
to those of the upper or the lower jaw. From observations of older animals dur- 
ing the present study, the teeth of the lower jaw are usually advanced in develop- 
ment over those of the upper. Other age criteria of juvenile opossums are as 
follow 

One to three days: The young animals can re-attach themselves to the teats 
after being removed. 

Seventeen days: The sex organs are evident, according to Reynolds (1942 
McCrady (1938) says they are discernible at about eleven days of age. 


Thirty-five days: Down hair is visible with a hand lens: vibrissae begin 


Fifty days: The size of a house mouse; hair is short and sparse, but becoming 
pigmented dorsally; eyes and jaws sealed 


ixty days: The eyes and jaws open; the body is completely covered witl 
short dark hair; the first tooth, the third premolar, erupts; elongated teats of 
the mother permit the young to lie outside the pouch while nursing. 

Seventy days: The young may venture away from the mother for short d 
tances, returning to the pouch; quite furry. 

Seventy-five days: The second tooth, the second premolar, erupts 

Might to ninety days: The young are weaned: the size of large rats 

Righty-five days: By this time, the last four incisors, the canines and the firs 
premolars, erupt. 

Ninety-five days: The first incisors and first two premolars are present; on! 
the three molars and the third premolar remain to be cut 


In contrast to these data of Hartman’s some observations made in Texas 


after this manuscript was prepared indicate that in at least some wild opossums 

sacilie [So 4130 

the tooth stage indicated by the formula —— may be reached at about 80 day 
ld! ; 

OI age 


Post pout h stages: In opossums, easily observed changes due to age occu 
size and weight, and in pouch and tooth development 

Size and weight.—While measurements of length and bulk are not unrelated 
animals of the same length may vary greatly in weight. Conversely, specimens 
of similar weights may not have comparable dimensions. The probable range of 
such variation cannot be reliably determined from the few comparable measur¢ 
ments at hand. Instances were recorded, however, involving both weights and 
lengths where a larger animal would be more than 25 per cent heavier or longet 
that naller individual in the same category of length or weight. Whether it 
is size or weight that is more closely associated with age is undetermined, thoug! 
length at least would appear to be less subject to temporary fluctuations which 
might influence weights 


During the course of the study , a few data were collected for retrapped : 





which indicate the degree of growth for those individuals during the intervals 


betw trappings. These are plotted in Figure 1 in the form of curves of total 
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length and weight on age. In all cases, the original age of the individual was esti- 
mated. It is only the rate of growth between the known dates that is known to be 
above question. The fact that these plotted rates of growth showed similar 
slopes would seem to indicate that the growth curves shown (Fig. 1) may approx- 
imate the growth curves of average individual opossums. The data failed to show 
any differences between the sexes during the ages covered by the curves. From 
these curves the pre Ibable ages of juvenile opossums may be estimated. 
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Pouch development.—TIwo sets of characteristics, which obviously are related 


I 


to the breeding experience of females, prevail in opossum pout hes. Females which 


have not bred have white, clean, fully-furred pouches which may be shallow or 


practicalh absent in small individuals even in winter. The teats in such pouches 


are tiny and white and must be sought out in the fur. A teat of a large non- 
breeding April female, doubtless born the previous year, measured only 1.5 
millimeters in diameter and was only one millimeter long. On pelts, the pouches 
of immature females invariably are less flabby, less fatty, less dark, and less 


prone to tear out than are those of breeding specimens (PI. I] 
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Females which have bred possess pouches which are scantily haired and of a 
peculiar rusty color. Both the inside of the pouch and the hairs immediately 
bordering its entrance are so tinted. The teats are much enlarged, usually being 
three millimeters in diameter even in dried winter pelts. No skins or specimens 
of females were seen in which there seemed to be any doubt as to whether the 
animals had bred or not. In those female specimens handled in which the dental 
formula was checked (see beyond), all seven which had bred had complete dental 
series; all eleven immature animals carried incomplete sets of teeth. No evidence 
was found that young females might breed during their first summer, though 
this possibility cannot be entirely dismissed. The smallest adult female speci- 
mens seen were beyond doubt at least in their second year. This was true not 
only of carcasses and live-trapped animals, but also of the pelts of thirty-one 
mature females. All of the latter group fell into ‘‘medium” and “large”’ size classi 
fications; none were clasified as “small” (see beyond 

Unless it is found that a significant proportion of adult females fail to breed 
it seems reasonable to accept the present evidence that most first-year and adult 
female opossums can be distinguished on the basis of pouch characteristics. 

Dental development.—A mature opossum with a full set of 50 teeth has these 
9134 


. . t o r 
arranged according to the formula: [134 
io 


Hartman (1928) reported that young opossums acquire tl 


he last four incisors, 
the canine, and the first premolar by the time they are eigh*y-five days old 
By ninety-five days of age, he says, only the last three molars and the third pre 
molar remain to be cut. Reynolds’ (1942) statement that the young complet 
the development of a full set of teeth when eight; to ninety days old is not borne 
out by Hartman’s (1928) or the present study 

In the present investigation, the numbers of premolars and molars present, 
the length and distance between the canines, ana the general amount of tooth 
wear were compared in both sexes with size and, in females, with age as indicated 
by pouch conditions. It was evident that the jaw teeth are increased regularly 
by additions from the rear until the full complement of three premolars and four 
molars in each jaw is attained. The lower jaw was commonly advanced over the 
upper with respect to the number of jaw teeth evident. There was a perfect 
correlation in six females between a full set of teeth and an adult-type pouch 

—a 5133 

Conversely, twelve females with incomplete dental series or less } wer 

, ; 1134 

juveniles according to pouch criteria. It may be assumed, similarly, that males 
are also characterized according to age group by the number of teeth present 
Among adults it was thought that occasional specimens with well-worn teeth 
were three years old or older. The canine teeth especially, in such specimens, 
showed obvious extreme wear. No replacement of teeth was noted in adults. 

The third premolars carried early in life apparently are replaced by a different 
type at about the time that the second upper and the third lower molars come in. 


These juvenile teeth are multi-cusped; those replacing them are equipped with 


single sharp tips. 
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young female by pouch characteristics, | completed the growth of its 
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{134 
son the probable validity of these data in other parts of the 
irty-1 kulls were examined in the U. 8. National Museum. Thes 

I n I at ranging from Texas and Georgia north to M 

nd Wiscor Eleven were from the Pisgah National Forest, North 
Only three v from other than the November-February months 
these skull licated conspicuously earlier aGevelopment than was 
in Ohio specimens. The earliest skull just acquiring the last molars was 


Maryland male (USNM 119040) dated November 19. No other such spec 


sd 1 befor 
I] these | £1 
yr | e an mal 
throug! he ov 
I isurements ol 


wing molars were evident in this specimen wher 


rst of the vear. Because of the cleaned condition of 


1d might have been required for then 


se skulls served to emphasize the large size that may 


ned by some males during their first year. One Ohio skull (USNM 


dated Februar 


x 


had upper canine teeth which measured 17 mil 





i 
lo 1 18 millimeters between the tips, yet the upper rear molars a] 
ly were still growing when the animal was killed 
1943) indicates that Didelphis paraguayer in Brazil has a sequen 
replacem¢ correlated with age which is very similar to that of D 
a7 
Lal cre Several skulls whose worn teeth indicated an age of over on 
SO po SCSS pig c | crests W hich were slightly ul greatly eroded In e) 
ses the ridge was jagged, rough, and fissured. Such specimens may repr« 
e-y old animal 
epipl x photographs of the paws of opossums indicated that 
re of the epipl the distal ends of the radius and ulna occurred 
the ( t t the time that the 5/6 jaw teeth were comin: 
y pl | e ] onaucting tI pping seas 
yubie bone lr the end of the study a fe 
epipul )I hic] project anteriorly on either side of the p yuch 
from the ventral portions of the pelvic girdle in both sexes, are larger in 
mals tl in first-year young. The following measurements were madi 
ned, separated bor (Pl. I) from dressed carcasses whose sex was not 
lhese specime ere all seen on January 3, 1947. Three first-year sp 
vith the last upper molar still uncut, had epipubic bones which measured 
1 43 mi espectively. In three adults with full dentition the bones 
1 45, 48, and 50 mm., respectively. More study is needed to determin 
ent of usefulness of the length of this bone as an age criterion beyond thi 
of usefulness of the teetl 
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pouch young) were live trapped between June 1946 and October 1947. By sex 


‘ p, 
and age groups there were twenty males and twenty-eight females, fourteen 
males and twenty-three females of which were young of the year. This sample 


is small, but tl l 


ratio of seven young per adult female is close to that determined 





from the pelt survey, given beyond 
Using fur dealers’ pelts, an attempt was made to determine age ratios in female 
OpossuMS OI the basis of pouch characteristics. Tabulations were made of the 
pelts of both sexes, and size as well as sex and age was noted. These are listed in Re 
‘I ib] 1. No measurements were made of the size of the pelts The skins were Ee 
merely classed as “small,” “medium,” and “large” much as a fur buyer would : 
— R . ios d ee ~ 
ALI | 
194¢ 
Large : ys { 
Mediu 19 7 8 2 
oma { ( } , 
No ) 0 { 
) 4 ] 13 9 
I | “ 
Medi ) 
Smal »S 8 ‘ 
Not 14 
I 7 / } 
1947 S tio: 1 137 546: .45 
194 Ag i D jul 
grad m. Plate IL show mall’? male and tw medium” female pelts 
AZalNnst a DACKT ind of st dard-size concrete blocks. Seve ral males could have 
been ft med ‘*¢ iI it it was desirable to limit the number of classif 
cation headings. Most of t pelts were from animals trapped in central Ohio 
during the op ison of November 15, 1947, to January 15, 1948. A few skins J 
from the same al were held over from the corresponding trapping season of e 
1946-47. Assigning adult to young ratios from one sex to the other is a pract 
of dubiou reliabilit and hence it 1s not possible t ) learn accurately the p pol 
tion Of youl animals among mal since there were about three female young 
per adult female in both years, an estimate of six young of both sexes per adult i 
female is probably not far from the true figure for young surviving until their his 
first winter. For most survey purposes, age ratios for females alone probably are dis 
adequate to indicate thi comparativs success Ol reproduct ion Irom year to yeal th 
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First-year animals of both sexes may be distinguished from adults during most 
of the year by their incomplete dental formulas. Sex ratios of pouch young, and 
sex and age ratios of older animals, were computed. A probable average longevity 
of 1.33 years was determined mathematically for animals surviving until the end 
of their first year with 4.8 years being required for the young produced one yea 
to be reduced to 0.5 per cent ol their original numbers 
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ATURAL GAME LICKS ] THE ROCKY MOUNTAIN 
N ATION AL PA -KS OF CAN ADA 
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In attempting to interpret the results of the analyses we have made the assump- 
tion, in view of the stratigraphic uniformity of the region, that in each case the 
soil or water is being taken by game animals to satisfy the same need. This same 
assumption appears to have been made by Beath (Honess & Frost, 1942) in his 
interpretation of the analyses of five bighorn sheep licks in Wyoming, but in 
later discussions of other licks he was unable to apply it. 

The animals themselves seem to be reasonably healthy during the period at 
which they seek the licks and thus offer no gross symptoms to assist in interpret- 
ing a mineral deficiency. However, if this assumption is substantially correct 
the sought after mineral will be among the small group of those common to all 
licks. An examination of Table 2 will reveal that sodium, magnesium, calcium, 
and iron were present in fairly large amounts in all samples, while copper, 
manganese, strontium, boron, and titanium were present largely as trace ele- 


TABLE 1.—Water soluble and acid soluble extracts in soils from 11 licks 
LICK NUMBER WATER EXTRACT, PER CENT aciD (1.0 w HCl EXTRACT, PER 


Wet Lick 


28 9.49 
2 1.19 $5.32 
5 1.15 15.60 
9 16 17 .97 
14 27 
Dry Li 

} 12 ».65 
4 57 30 .52 
6 3 26.69 
7 10 28 . 35 
8 15 18.52 
10 19 4 QO7 


ments. Phosphorus and chlorine were also present in small amounts in all the 
samples (Table 3 

Magnesium and calcium are present in such abundance in the native rock 
of the regions that it is inconceivable that the vegetation is lacking in thes 


elements. Similarly iron and titanium are so widespread in soils that it is doubt 


ful if they are needed by the game in amounts greater than those supplied by the 
vegetation. There is little evidence of the essentiality of strontium and boron 
in ungulate nutrition. 


A 


Thus the field for selection would seem to be narrowed to phosphorus, sodiun 
chlorine, manganese, and coppel Pathologies in range cattle resulting fron 
phosphorus deficiency have been reported by Scott (1929). Beath (zbid.) su 
gests that phosphorus is the important element in five sheep licks in Wyoming 
and is quoted as stating that .088 per cent ol! phosphorus in the water extract 
from a lick is a significant amount. In none of our samples is the percentage 


higher than .03 per cent. It seems reasonable to conclude, therefore, that this 


element is not the one sought after in these licks 
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lnsion is given greatel weight by some ot] el 


In the belief that the comparison of the elements In lick with the elen s 
present in adiacent soils, that vere not being sought tel by game, would assist 
in the identification of the important item o1 items, such comparativ: ses 
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SHADE OF PELAGE COLOR IN TWO POPULATIONS OF KAN7AROO 
RATS AND REMARKS ON THE STATUS OF DIPODOMYS 
MERRIAMI AMBIGUUS MERRIAM 


By W. FrAnK BLAIR 


Large collections of four-toed kangaroo rats (Dipodomys merriami) were made 
by myself and my students in June and July, 1948, at two localities in Presidio 
County, Texas. These population samples afford an opportunity to compare the 


shade of pelage color in kangaroo rats occupying the pale-colored soils of the 


Rio Grande Valley with that of animals living on darker-colored soils a few miles 
from the rive! 
The two col 


the Valentine Plain, just east of the Sierra Vieja Range and about ten miles 


ecting stations were about twenty-five miles apart. One was on 


west of Valentine, Texas, the other was adjacent to the Rio Grande and about 


five miles northwest of Porvenir, Texas. The two stations were, therefore, or 
opposite sides of the Sierra Vieja Range, which constitutes at least a parti 
barrier to the dispersal of this species 

Twenty six adults were collected at the Porvenir statio1 \ total of 136 spe 


mens was collected at the Valentine station, but thirteen of these are excluds 


from my calculations because they were juveniles or were molting. The sample 
from the two stations are ad quate tor statistical analysis of variations in shade 


ol pelage eC yl Tr 


Shade of pe lage color was measure | by means I Phot volt photoelect 
reflection meter, model 610, using a procedure similar to that described by Blair 
(1947). The only departure from this procedure was the use of a white porcelair 
bloc k as a color Sti nd urd instead ol a mMagnesiul carl nate block \ red nite 
: used for all of the readings. By the method used, with the instrument set 
on the porcelain block as 100, the valvan mete reading indicates the amoul 
of light of the red-filter wave length reflected by the specimen in compar son witl 


the amount reflected by the porcelain block In other words, a reading of 35 
1 specimen would mean that the specimen reflects 35 per cent as much ligh 
the red wave length as does the porcelain bloc] 

Color readings were made on samples ot suriace so from the two stations 
Five readings were made on each sample, and the average of the five reading 
cen The soil wa stirred thoroughly between readin : The Valentine 
gave, with the red filter, an average reading of 27.0 reflection meter units. T] 
Porvenir soil gave an average reading of 47.8 units. Since the magnitude of the 
reading is proportional to the paleness of the sample (i.e., the higher the reading 
the paler is the sample) it is obvious that the Rio Grande soil is much paler than 
the soil of the Valentine station. The Rio Grande soil is a loose, alluvial and wind 
blown sand. The Valentine soil is also alluvium, derived by outwash from tl 
rhyolitic Sierra Vieja 


Color readings on the kangaroo rats were made with the red filter on the mid 


dorsal surface half wa between the base of the tail and the base of the head oi 


the round skins. The Valentine specimens averaged 17.42 +.16 reflection mete! 
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. he Porvenir specim« ns averaged 21.81 +.38 units. The difference be- 








n the two means is 4.39 +.41 reflection meter units, which is highly signifi- 
it. This indicates, therefore, th the k ungaroo rats from the pale soil of the 
venir station are significantly paler than are those from the darl soil of 
Valentine station. The method of color measurement here used is valuable in 
it provides a quantitative measuré difference in shade of pelage color of 
two population The eolor differer n the » popula ms are so great. 
ever, that the two s mples ca I ed al ther ep ed easil; 5 to 
ality by visual inspection alone 
he evidence of well-marked color differences be een these populations, the 
‘olored one on ths pale soils ljacer the R Grande and the lark 
red one on the darker soils away from the river, raises the question of the 
of Dipodomys merriami ambiguus Merriam. This form, from El] Paso, 
. Ss originally le ribe i Dipodomy uml DY am 1890 
1901) reduced ambiguus to the rank of a subspecies of merriami, and it 
msidered until Davis (1941) suggested that th: bspecies ambiguus 
nsidered I ym of the subspecies 7 n 
Che present evide I ut the name a should be retained 
ipplie I yopulatior of pale red nin > ng the pale colored 
ls of the Rio Grande \ from El Pasi the Big Bend in Texas. The 
S aml ected ung B 905 n the sandy 
pottom ist Delo | Pas Che Is de bed \ Bail is 
v0 brighter. me aoldes ] = = tes (op. ci 
this color type extends along the R Val ne 
Be My le ce supports B ( ot 
I} irgumen D ry onl ) I amo / 
geographic race primarily tl ( gnificant cranial dif- 
es or morpholog d er thar rb een typ il ambiquu 
typical merriami, (2) the p coloration of a is represents an ecotype 
eloped in response to edaphic conditions and that pale-colored individuals 


uund in the range of the race n nd dark-colored individuals in the 









lgninecan difference hetween the vi rl I character other than color. 
ght clines in certain skeletal measurements are cated in the range of the 
1eES MWLeTT10T . out the jy do not corre itl it nges ¢ th sul speci ~» 
is nere proposed Morphologica ren = the | n col r 1¢ necessary 
wever, for the recognition of subspecies. If the ere uld necessary to 
luce to synonymy such obvious geograph Te P mathus apache gyp 
the New Mexico White Sands and Perognai} ’ nedius ater, Neotoma 
elas, and Neotoma mexicana atrata of the Tularosa Malp is 
in his objecti n that aml q represents an ¢ type. ove rlooks the 
a great Many, lf not a majority, ot the desc ed § speci ol ammais 
: ‘ _ : 

probably ecotypes, each presumably representing ection by the environ- 

} 4 f,.] 1 as ] ‘ 

nt toward a genotype that 1s most successful 1 lat particular environment 
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The question of recognition hinges not on whether or not an ecotype is involved, 
but on the extent of the area occupied by the ecotype and on the constancy of 
the ecotype over that area. 

No dark-colored individuals have been reported from the range of ambiguu 
as here restricted. On the other hand, it is to be expected that pale-colored in- 
dividuals do occur on local areas of pale-colored soil within the extensive range 
of the subspecies merriamz. Subspecies are not uniform throughout their range. 
Statistical treatment of large samples of populations within the major ecologic 
trends represented by subspecies, by Dice (1940) and others, shows that geo- 
graphic races are broken up into many more or less variable local populations. 
Formal subspecies are, therefore, in considerable part, the result of taxonomic 
expediency. If it serves to clarify the relationships and to indicate the variation 
within a species population to name a sub-population as a subspecies, then that 
population should be so named. 

The naming of every local ecologic trend as a subspecies would lead to hopeless 
confusion and would be highly impractical. Any tendency in that direction is to 
be deplored. In the case at hand the area occupied by a comparatively uniform 


population of the ambiguus color type seems sufficiently extensive to warrant 


recognition as a subspecies. As I see it, the name ambiguus is applicak le to the 





relatively pale-colored population of the Rio Grande Valley from El Paso to the 
3ig Bend. The subspecies merriami is a variable, widely distributed populatio1 
of predominantly dark-colored kangaroo rats that extends from Califor 
western Texas. All kangaroo rats of the species merriami in western Texas ar 
reterreda o the subspecies merrian except thos in the valley of the Rio Grar Le 
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ALE DOGS TO URINE FROM FEMALES 


“pt adult females know that when a bitch comes into 


acted to her dwelling place. 


rous female’s attraction for the distant male has not 


rated, but in the course of an exploratory experiment 


gg 1g loes exist it might 
of her urine 


t male dogs which had lived in our laboratory for half 











year served as experimental subjects. All animals had previously been observed 
ith receptive females and their cap: city for mating behavior was known. Five 
re Se xually clive, bi tne six I indivi lual had never mated despite repeated 
portunities to do so. In olfactory tests five dogs displayed discrimination be- 
ef urine taken fron bitch in heat d urine from a non-oestrous female. 
[he male that failed to mate also failed to respond differentially to the two types 
Urine to be used as stimulus mat s collected in some cases by catheteri- 
zation and in others by forced emptying of the bladder. The reproductive status 
the bitch was determined b mating tests or by inspection of the ovaries. 
Fresh material was refrige1 ul se, and just before each testing period 
equal quantities of oestrous and no s urine were heated in a water bath 
to the dog’s normal body temperature (101°F). Two clean cardboard boxes were 
partially filled th fresh s lust and 10 ec. of stimulus material were sprinkled 
yn the sawdust, oestrous urine in one and non-oestrous in the other. 
[he two boxes were placed approxi fourteen feet apart on the freshly 
scrubbed floor of the testing enclos nd the mal as allowed to explore the 
ce) minutes. Res S ( iin tern ) ital time spent exam- 
ng each of the stimulus boxes. One | was conducted each day until the 
S tir nalvs ign test LS l t st) indi ed that a significant 
rence had been established or that none could be expected with this particular 
I hod of testing. Various dogs received m eight to fourteen separate tests, 
1, as mentioned above, five animals showed a clear-cut “preference” for 
strous urine while the sixth dog exhibited none. Table 1 summarizes the results 
ned during the first eight tests nh the ve positive cases. 
Three facts are brought out by these figures. (1) Approximately half of the 
tal test time was de vot | to investigation of tne stimulus | yxes. (2 The box 
mtaining non-oestrous urine received considerable attention. (3) In every test 
e time was sp it the box of oestrous urine. These generalizations do not 
I 1 lor every I { every test, but examination of the scores for each individ- 
n all of his tests sho e in favor of oestrous urine which is signifi- 
it at the one per cel ¢ confidencs 
‘he absence o dis riminatory behavior on the part ot one male is difficult to 
explain. It may be significant that although this animal was sexually mature he 
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repeatedly failed to mate with receptive females. During the olfactory tests he 
often played with both stimulus boxes or paid little attention to either of them. 
It is possible that a positive reaction to oestrous urine is based upon learning and 
that actual mating experience is necessary before a male comes to associate this 


satisfaction. Additional experim¢ ntation would be 


olfactory stimulus with sexua 
necessary to establish the point. 


] ] 


If it is accepted that male dogs and, presumably, males of related Spe cies such 


as wolves and coyotes respond positively to oestrous urine it is easy to see how 
this attraction could operate to bring them into the vicinity of the female during 
her period of fertility. The hypothetical sequence of events is most obvious in 


connection with the behavior of wild animals or of domestic pets allowed to run 
| 


TABLE 1 Re sponse of f ve male dogs to oestro and non-oestrou urine 
TOTAL NUMBER OF SECONDS SPENT | PROPORTION OF TOTAL INVESTIGATION TIM 
TRIA I> ESTIGATING BOTH TIMULI PENT AT 1X CONTAINING ESTROUS 
BOX! URINE 
l 991 53 per cent 
2 1002 58 per cent 
839 60 per cent 
{ 1030 62 per cent 
5 956 58 per cent 
f 807 62 per cent 
866 68 per cent 
Q 783 68 per cent 
free. The bitch urinates more frequently when she is in heat and only a part of 
the bladder contents are expelled in each act Ol micturition Accordingly in rang 
ing over her territory the estrous female lays down a series of odor trails which 


converge upon her place of residenc¢ 


By following any one of these trails the n ale ould « entually come into the 
female’s presence. He would be less likely to join the nonrece ptive female because, 
(1) she urinates infrequently and therefore her trail is less well marked, and (2 
the odor of non-oestrous urine has less attraction for him 

This hypothesis is so obvious that it may well have been proposed by othe 
writers, but it seems worth restating in view of our experimental findings 

Dr. L. F. Whitney’s assistance in obtaining urine from females at the time of 
ovariectomy is gratefully acknowledged. This work was supported by the Com- 


mittee for Research on Problems of Sex, National Research Council 


Yale University and Keyon College. Received October 23, 1948 
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rms is not unique for the kouproh. Every mature bull performs in this way, 
‘luding domestic ones; it appears they need to work off their surplus energies. 

e I, lower left, shows the wisent bull ‘‘Plisch’” ploughing the soil with his 
rns. This turning up of the soil with the horns, often accompanied by pawing 
ground with a forefoot, seems always to be the sign of some excitement, and 
s nothing to do with search for food. As an expression of its need to work off 


energy and perhaps to kill time, bulls not only plough the soil, but often push 


ag 
qu 
sti 


Dp 
} 


ainst trees, fences, rocks, etc., 


with their horns. Similarly, though less fre- 
ently, animals long confined in enclosures wear away their horns to short 
imps, as shown by the old wisent bull “Woburn” owned by the London Zoo 


Pl. I, lower right). 


[It is a misunderstanding to think that the points of the horns become sharp- 


ened by ploughing the soil; on the contrary, they become reduced to stumps in 


ti 


wain and again into the soil; each time it becomes 


1 
Dil 


are 


ho 
ha 


iat manner. The principle is identical 


| with that involved in plunging a knife 


1 


nore glittering, but also more 
int. Finally the fringes below the points of the horn sheaths become worn and 

steps smoothed. As stated previously, n American bison, old animals very 
en have steps on the horn sheaths. This, I believe, may be explained by con- 


tion of the shape of the bison horns. Generally, the two tips of their horns 
4 1 


nearer to each other than are their bases, and the animal is not able to turn 
head enough to reach the ground and turn up the soil with the point of one 


rm. Only young animals should be able to do this. The wisent, like the kouproh, 


iS videly space d horns and 1s thus able to Ol k over the eround with each horn 


individually and const que ntly wears away the fringes, the steps, and even the 
horn itself. The opinion that a bull turns up the soil for the express purpose of 
sharpening his horns appears to be without psychological basis. Actually the 
nimal does not sharpen its horns in turning up the soil, instead they are reduced 
oO StUMDpS 

Hambura 36 My log che Museum, Jungi trasse 8. Received January 27, 1949 
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RABIES AS A POSSIBLE POPULATION CONTROL OF 
ARCTIC CANIDAE 
By Ian McTaaecart Cow 


The consideration of cyclic fluctuations in the numbers of the carnivorous : 





fur-bearing mammals is usually approached from the aspect of food relations. | 
It has been customary, for example, through the last cw decades to state or 1m- 

' 
ply a cause and effect relationship between the pulsations in the numbers of 
the varying hare and the more or less closely coincident fluctuations in the 
populations of SeVE ral species of flesh-eating, fur-bes ring mammals o the ore 
forest region of North America. This relationship may sometimes exist, but ther 
is an increasing body of evidence accumulating that by no means all of the cyclic | 
declines in the carnivores are occasioned by fo rd shortagt 

[t is the purpose of this short paper to put on record certain facts relative 
recent decline in the population of foxes (Vulpes fulva) in the Northwest Terri | 
tories that Was apparenth brought about by an epidemi I . disease that, if not 
rabies, was very closely akin to this disease. Closely associated with the decima | 
tion of foxes there was an outbreak of rabies : mong wolves and sled dogs in the 
Northwest Territories 
Red fox numbers had been at a fairly high level over the western Arctic fo1 
several years preceding 1945. A graph of the red fe har est ll the Ma ‘kenzie 
Delta region is given on Figure 1 and is believed to be representative of thi 
population of the region. It will be seen from this that a marked decline in thi 
fox population took place in the winter 1944—45 
While in the Mackenzie Delta region in the summ« 1947 I attempted 1 | 
gather details concerning tl population declir I de had been 1 | 
ot us T | lo pers na. one t noth rY rappe 
tioned s} of seeing the carcasses « ( he De Sev 
men had seen ailing foxes and me had ¢ Vitme ne ae I I 
Three trappers reported seeming attacks up hemselves by foxes 1 er 
described as “crazy.’”’ In no case Vv there m purposefulness 
ittacks 
In general the ailing foxe ere report have rul : miess fas l 
the enc intered villo LIC KE or some sll opst on the pel 
attempted to force their way through it with an apparently blind and purp: 
frenzy. A number of carcass liscovered |; ip against dense willo : 
\ 
as if they had died while blindly fighting the obstruction 
N Kx Lang of Aklavik found five dead fox that winter, sever: oTnel : 
in 
next year, and reported a virtu | absence of young foxes since the epi em He - 
ilso reported that the outbreak began in the northern part of the De d 
spre i S uth urd It too p i( nile tn \ ! ng ! ~ ere st I a ~ 
None o the lead foxes in the \I Ci Z\¢ De ert Dy! ea to! he s 
for examination, but the symptoms accompanying the epidemic, when tak ) ; 
conjunction with the identification of rabies in an Arctic fox from Baker Lak 
el 


and in wolf and sled dog remains from Frobisher Bay and Aklavik, N.W.1 
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De etween 
() *) } } ’ 
22 Ly r p on the east nch of 
Mackenzie R hrougl y i] 
7 | lil ol nd his son 
Ne Po ( he e} +} } 
i ‘ I 1 nd { { s p ued DY a 
‘ ppeare ied he I ( into r without 
{} . , ; \ J ; e 
l ny ) ‘els | I ( | irmed ith ar xe 
nere 0 ne D I ( VI ¢ Pr. ed | 
| a fus xe al 
f TY Sy y ’ ; iy y | 
i, ‘ il ) » Vv ner | U 
'é) ry 2 rf | 
iY. rl Z +4 ) ( me ¢ } Kemaec ‘sf iol nT ul 
nena { 1¢ Ch. Mile lp 
. fr p he c | sra4 
ugn vith tour sied dogs 
on 1 © ODbV10US Wounds Irom the 
encou ‘ nere | Y y } 1 
I lol oO ( Che returned again the following 
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night and was shot. The dogs, one after another, sickened and died, deaths taking 
place on February 19, 20, 22, and March 13. Each dog in turn lost appetite and 
appeared to have a paralysis of the mandible and throat. At a later stage it 
vomited and frothed at the mouth. There was no excitement or tendency to bite. 
The acute stage of the disease lasted no more than 48 hours. 

The head of this wolf and one of the dogs was submitted to the Division of 
Animal Pathology, Hull, Quebec, and was the subject of the report cited above. 
The animals were diagnosed as rabid. 

The third attack was suffered by Warden Lee Post and his Indian guide. On 
February 4, Lee Post and his companion were traveling up the Mackenzie East 
Branch near Holmes Creek, just north of the two places mentioned above. They 
were traveling with two teams of dogs, the guide ahead and Post several yards 
behind riding his sled. One of his dogs had become lame and was trailing the 


( 


rest of the outfit. There was brilliant moonlig} 


The lame dog was heard to yelp and shortly afterward a wolf appeared on the 
back trail, gaining steadily. It made no sound, and as it came closer Post drew his 
axe and, as the animal came within reach, struck it on the head. The blow brought 
no sound from the wolf, nor any sign of anger, it merely swung off and loped past 
his team, overtook and passed the Indian, and attacked his lead dog. The Indian 
shot twice, but the wolf ran on up the trail and disappeared into the darkness 
About two miles up river this, or another wolf, reappeared and ran parallel with 
the trail; two shots were fired without the wolf paying any attention to them. 

The first dog was bitten in one hind leg, but the second dog showed no obvious 
wound. On February 24, roughly three weeks later, the first dog became highly 
excited and was put under observation. It died after four days of illness. On 
March 18 the second dog became excitable; on March 19 it began to throw itself 
when in harness, and was shot 


This account gives the detai | 


s surrounding a known case of rabies in the timbe1 


1 
i 
wolf in the western Arctic with two other suspected cases in the same animal. It 


also records a coincident epidemic disease, strongly reset mbling rabies, among 


red foxes, an epidemic believed to be responsible for the recent cyclic decrease 
in the fox populatior 
Depart? gy, U B h Colur J I Received N 
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TWO METHODS FOR ESTIMATING POPULATION FROM 
TRAPPING RECORDS 


By Don W. Hayne 


Much of the small mammal trapping done at the present time is carried out 
in order to estimate the number of animals present. In the following discussion 
are presented two methods for interpretation of trapping results. 

Small mammals are taken by two fundamentally different types of trapping, 
first, in experiments where the animals are marked and released into the popu- 
lation from which they were captured, and second, in experiments where the 
animals are removed as captured. The ecological advantages of mark-and-release 
trapping have been recognized by numerous investigators. Removal trapping, on 
the other hand, has practical advantages, and numerous sets of data from such 
studies are now available. 

The two types of trapping records are discussed separately, one method for 
estimating the population being outlined for each of the two types. There are 
available for use several approaches based upon probability of capture, providing 
certain assumptions are made. The two methods here discussed have been 
applied with apparent success to numerous records of trapping the meadow vole 
(Microtus pennsylvanicus pennsylvanicus Ord) and to several other sets of data. 
Appreciation is expressed to Professor Leo Katz of Michigan State College for 
helpful suggestions, and especially for pointing out the importance of assuming 
that the regression line passes through the origin in the method offered for use 
with mark-and-release trapping. 

Mark-and-release trapping.—In this type of field technique, animals are cap- 
tured alive, identified, commonly by marking in some manner, and then released 
again into the population from which they came. After a period of time, termed 
~ trapping period” in this paper, the traps are tended again, and the unmarked 
animals are marked and released along with the animals which had previously 
been marked. This procedure has been extremely useful in the study of many 
phases of life history, but the interest in the present paper is only in its use in the 
estimation of the size of the population from which the traps are taking animals. 

After trapping has been carried out for some time, the animals in the traps 
at each visit will consist in part of those previously handled and marked and in 
part of unmarked animals. Eventually, with no replacement of animals and with 
a trapping program of great enough intensity, all animals in the population might 
perhaps be marked, and the population size then be known from the total number 
of individuals handled during the census. However, when only a small proportion 
of the total number is taken during any one trapping period, and when marked 
animals are being replaced by unmarked individuals, then a completely marked 
population may be difficult and expensive to attain, and such an objective will 
often be impractical, if not impossible. Therefore, some method for estimating 
the population size after having marked only part of the animals is desired. 

Lincoln Index method.—One such method has been in use for some time. 
Because of early application of the idea by F. C. Lincoln (1930) the method is 
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populations of the meadow vole (Microtus pennsylvanic us). The practical im- 
portance of the error introduced by this latter difficulty is not clear in all cases, 


a . , : , 1 
but the error is one of underestimating numbers present. 


I ( D j comp ) 
he “I I yping at East Lansing, Michigan, Jul 
) ) } } ) ] g nte al 
I i l pe d. Traps ? l 
. 
x — 
' Ty 
O ] 20M ) 0 
20M 201 10 . Ms 
» | IM ra) 
M 
»M ( 
22M 221 14 ) 2 63 
’ 24 ) ) 
| )} M 97 ) R09 
OM | IM 1 > -- 
0] \ ER. 29M 05 
I 2M. 22] . ‘ 
1 t \ »G f 107 
:; ft : is ; 
rT 
y\ | | > 1 
| 
a] 7 F 101 
_ ae 
| 91E. 22M ) 5 » 5 
1) } y 2\I 
‘) 
[It would seem t the shorts he period between the marking and the subse 
ent sampling, the le uuld be the effect of replacement within the population. 
Burt (1946) | lggested that \opulation estimate may be computed using the 
Lineoln Inde m i and tl mbers of animals live-trapped during two 
yns itive day suct procedure should indeed minimize the effect of replace- 
ment. Howevs in experience with Microt trapping records from pairs of 
single trapping periods have at times shown considerable variability, apparently 
cause rt vely few of the animals handled are taken within any two consecu- 
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tive trapping periods, and because sometimes those which are so taken may con 
tain a disproportionate number of animals with a high probability of capture, 


‘s,”’ or described as having a ‘“‘trap habit.’’ Such records 


iten termed speatel 
tend to np! underestimates of the population 
A ser f estimates computed from a field experiment shown in Table ] 


The data were recorded in a lin rapping experiment carried on at East Lansing 


Michigan, between July 19 and August 4, 1942, with traps set in a rectangula 
grid at 60-foot intervals, covering 8.1 acres. Estimates in Table 1] are based only 
upon the period of Julv 19 through July 20. Capture ret rds of only the adult 
female Microtus pennsylvanicus are shown here d while the number of animals 

not lare« is of about the same order oft met in a practical problem 
Estimates of population number have been computed according to the “‘Lincolr 
Index”? method, and when based upon pairs of single trapping periods estimat 
m be computed for only three of the seven possibl mparisons, because in 
four comparisons there were no animals which had beet ptured in both period 
Table 1). The three estimates computed seem t mall in view of other obs 

ey 

Data fron eral trapping periods may | mbined 1 an estimate com 
ul DY con I n tw ch combined px I I been dor the 
present example, and estimates based upon combinations formed from progres 
Si re periods are sl abl As » be pected, the estimate 
e | \ le h corap ers 0 ime an 

As ] Te nte ( n é n may be expecte 

( tl replacement of mark« nil hose from neighbo1 

in the prese1 mpl he numbe mate ere bast 
up consecutive pairs oI interval ea ranging between four and ¢ ight day 
th alues computed lay between 124 and 132 animal ese estimates see! 
red with thos ven in Table 1, and the lues to be given i 
r 

of the ‘“‘Lincoln Inde method, questions arise concerning, first, the 
proper length of the intervals to be compared, and second way of averaging 

serie f estimates similar to those shown in Table 1, whe the estimates 
not based upon independent sets of data. The approach suggested in the following 
Sé pl ides : partial answer t thes¢ questio1 

Theory of proposed meth lhe modified ratio method here proposed bas« 
population estimate upon the ease in the proportion marked which is observe 


in succeeding catches, as more animals become marked in the course of the exper 
ment. Those persons familiar with use of “Lincoln Index” estimates may wish to 
view the method as one way of averaging all such estimates derived by com 
parison of the various paired sets of trapping dat 

The change in proportion marked in successive catches may be related to the 


number of animals, the marking of which produces the change, in the following 


manner. Afte certain number, x, of animals have been marked and released 
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into the population, P, from which they were trapped, the proportion of the 


population now marked (designated y) may be written as: 


| 
y or, / r Ct), 
r 
und this is the quantity which a sample drawn from the population will estimate 
Kis 


will estimate the proportion marked at 


ch sampling, or each successive catch of animals as the marking progresses, 
the different stages in the process. The 
equation above is that of a straight line pas ing through the origin of the coordi 


y 0), and the slope of the line is the reciprocal of 
the population size. This theoretical approach 


nate system (point zx U), 


assumes a uniform population 
size with no replacement of marked animals for the period of the experiment, 
und further assumes a uniform probability of capture for all animals, since 
otherwise each catch would not sample the population in a representative manner 
[t is not clear as to how far any population may depart from strict conformity 
these assumed standards and still permit the use of this, or of any other, 
ratio method as a practical tool 


In less mathematical terms, the discussion ab 


may be restated thus: As 
nar! ing ol the animals progress the proportion of the p pulati ) vhich is 
marked will increase. Marking one additional animal will cause the proportion 
marked to increase by a certain amount, and this increase is inversely propo. 
tional to the population number. After finding thx é ge amount by which the 


narking of one further animal changes the proportion of the population which is 
marked, it is easy to estimate the population. For example, if the proportion 


marked revealed by successive sampl hanges .01 (or 1 per cent n the 
verage for each animal marked, then the population evidently contains 100 
animals. This population estimate is obtained | lividing 1 by .01. The math« 
matical term slope used above simply means the amount which the quantity y 
proportion marked) changes with a change of one unit in number of animals 
previously marked 

Method of computing estimate Che best fitting straight line passing through 
the origin may be fitted to the observed data, plotted as in Fig. 1, either by using 


some statistical method such as the one outlined here, or alternatively by drawing 
in the best fitting line by eye, especially if a field appraisal of the data is required 
[he slope of the computed or observed line is the reciprocal of the population 
number 


In computing an estimaie the following formula will give the population 
number directly, without first obtaining the slope of the line and then its re- 


ciprocal: 
WI 


P (2), 


LDwxry 


bt 


where z, 7, and P are as previously defined, w is the number of animals caught 


each time (marked and unmarked) and the symbol = represents the sum of the 
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specified values. This formula may readily be recognized as the inverted form 
of the usual expression for slope of a regression line passing through the origin 
(Snedecor, 1946). Schumacher and Eschmeyer (1943) have presented an identical 
method for computing an estimate of fish population number from records of 
netting, marking, and releasing. 

Stated in words, the estimate is computed by dividing the sum of one series 
of products (2 w 2x?) by the sum of a different series of products (= 


numerator (2 w 2x?) is obtained by adding the values, one from each trapping, 


waxy). The 


obtained by multiplying the number caught by the square of the number previ 
ously marked and released (and assumed to be present in the population) before 
the trapping concerned. Likewise, the denominator is the sum of the values, on 


from each trapping, obtained by multiplying together three quantities, namely, 


TABLE 2 Record of capiur f adult female Microt pennsylvan s from July 19, P.M 
t] h J {.M. 19 East Lansing, Michig howing the prog y 
ti p D ‘ t catch pre hay y } é ) D¢ 
E PR ‘ 
| HT 
u \. } t) 
; » 
. nw) 7 
) , g 
Zz ) { 58 
22 TR f 
, f t 
(Dr 
ne number « nin S iF tal previo I nd th proportio 
tne ¢ ( obser | ) ry r 
Illustration of use of method As an illustration of the method, the population 
estimate will be computed from a set of field dat hese figures were obtains 


in the same live-trapping experiment previously mentioned, carried on 


Kast Lansing in 1942. The data here used relate only to adult female Microtu 


) jive l'able 2 shows the trapping resi lts fo I part ol the expe! 
ment beginning with the evening catch « July 19 and ending ith the mort 
catch of July 23, the same period covered in Table 1 

During this experiment 74 individuals were captured, and the proportion 
the animals marked in each catch, or sample of the population, rose from 

the first trapping to about two-thirds during the last periods, as shown in the 
fourth column of Table 2. When this proportion marked is plotted against th 
umber of animals pre viously marked for each successive catch, then a distin 


1 


rend may be seen (Fig. 1). This relationship is described by Formula 1 unde 


issumMptions outlined 
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To estimate the number in this population by the suggested method requires 
the morning of July 22 (Table 2), the 
number captured (14) is multiplied by the square of the number marked and 
released previous to that time (58 squared, or 3364) to yield 47,096 for w x?. The 


sum of corresponding values from all trappings (2 w <?) is 225,536. On the same 


two sums of products. For example, or 


morning the product of the number captured (14), the number previously 
marked and released (58), and the proportion marked in the catch (9/14, or .64) 
is 519.68, or w x y. The sum of all corresponding values (= w x y) is 2122.92. 
Dividing 225,536 by 2122.92 yields a value of 106 animals as the estimate. 
Thus this method of examining the data indicates that the set of traps was 
drawing from a population of about 106 adult female mice, this estimate being 
made under the assumptions previously outlined. Although the traps occupied 


an area of 8.1 acres, the total area inhabited by the estimated 106 individuals 


is not known and therefore no estimate of population density may be made. 


TABLE 3.—Lstimates of the numbers of adult female M tus pennsylvanicus in contact with 
traps, East Lansing, Michigan, July 19 through August 4, 1942. The time has been divided 
? alie Shean <u ai Fiqure n 1 ni} ij fua mbers caught, not 
é t 4 
\ \ 
All M 4 iM) 
I Ju 2 72 7 ( 
| | \ RA 
The data from any other short period in the trapping experiment may be 
examined separately, as though this short period were an entire trapping experi 
ment. The distinction here is between animals previously handled in this period 
nd those not thus previously handled. Some type of sorting aid seems almost 
necessity when examining the results of large live-trapping experiment and 
punch cards of the McBee or other varieties are helpful. Suggestions for uses of 


punch ecards have been made by Bailey, Casey, and Cox (1946 
Using the method outlined above, the trapping records of the experiment pre- 
viously described have been examined in several different ways. The time from 


July 19 through August 4 has been broken arbitrarily into three consecutive 
periods nd the data from the first period have been used in the illustrative 
example discussed above. Table 3 summarizes the estimates based upon the entire 
experiment 

Using records for all captures, the consecutive estimates for the three periods 
ire 106, 97, and 100, as shown on the first line of Table 3. Next, the 72 records 


or all animals captured and released in the first period were selected, and the 


estimates for each of the last two periods based upon these records were com- 


} 


puted as 47 and 49 animals, r spective ly. These values are estimates of the 


number of animals out of the original 72 present during the period in question, 
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and suggest a considerable loss of individuals over a short time, a loss not re- 
flected in the estimates of the total population present. Next, the 65 records of 
mice taken during the last period were considered similarly, yielding identical 
estimates of 54 and 54 animals present during the first and the second periods 
respectively. There is here a suggestion that animals taken during the last period 
were not all present during the first periods, but that some joined the population 
sometime thereafter 
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F'ta. 1—lIncrease in proportion of catch marked as more mice were marked in expe! 
ment at East Lansing, Michigan, July, 1942. Data relate only to adult female Microtu: 
pennsylvanté The lop of a line fitted to the points shown is 0.0094, indicating & pop 
ulation of 106 animals 


One useful feature of this method is that it allows visual detection of at least 
some of the possible departures from theory as experienced in field data. If the 
trend of the data, when plotted as in Figure 1, is clearly not along a straight 
line, but follows a curv . then the theory is not adequate to describe the relation- 
ship. 

There are probably numerous causes for a major or a minor disparity between 
the presumably very complex trapping behavior of a population of small mam- 
mals and the simple theory previously discussed (Formula 1). Among these, there 
are two factors which might produce roughly the same tendency in the data. 


Both variability throughout the animal population with respect to probability of 
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capture, and also steady replacement of individuals in the immediate population 


by animals from a large ‘‘outside’”’ population should produce a tendency for the 


proportion marked in succeeding catches to increase, as more animals are marked, 


more rapidly at the beginning of an experiment than later. Thus the slope of the 


1 


line would tend to ce crease as the expt riment procet ds, when data are plotted 


as in Figure 1. 
Re liability of estimate 


+ 
} 


Some approximation to the error of estimating the 


population is available in this method, since the standard error of the slope of a 


} 


line may be computed, and probable limits of the slope determined (Snedecor, 


1946). The reciprocals of the upper and k 


serve as limits for the population estimat 


ample, for the estimate of 106 animals di 





records of capture of adult females, tl 


hould fall 95 1 cent of the time ar | 
that the estimates are far from precis« 


One consequence of accepting this metho 


latior estimate Ss tl it vhen the slope TI 
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wer probable limits of the slope will 


s. In the data used above as an ex 


iring the first period, based upon all 


limits within which similar estimates 
nd 156 animals. These limits indicate 
| of computing an error for the popu 
the line does not differ significantly 


the population estimate (reciprocal 


hn since In OI ler to bas in timate 
dings tehes ne surelv mn +2. 
eaing { ( f lrely Must Mark 
41 + 
o¢ n | oportion 
( he ar ls are removed as cay 
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cperiment may be examined by either 


figures similai 


ins eriod may 8) viewed as 
probability capture and the second 
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animal 
during one period. The number 
period is assumed to be the original 
ously captured. Any great de- 


method for estimating 


d may be represented 
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capture. After the probability is determined by fitting a line to the data at 
hand, an estimate of P, the population number, may be computed, being thi 
intercept of the line on the abscissa (x-axis), or the point at which the catch pe 
period would become zero 

tepeating this bri liscussion it le mathematical form, the number 
animals captured during any period is assumed to be proportional to the numl 
present. Th verage dif nce betwee! ( catches is related to the num 
ber of animals previously removed in a manner stated mathematically in the 
formula. As more animals rer ed, the catch decreas ntil it would reach 
: hen all animals had beer ntured. The field dat ised to forecast tl 
ont ( ( »« teh 

DeLu 1947) ] ecently suggested a method for estimating populatior 
hased 1 rmula iden 1 to that given above, for use with records of thi 

’ , ! +} . } 

] ] Michia J ) | 
the 7 

| % 
Ju 
lu 
Ap . * 
st 

rogre ce of capture ¢ he numl popul 
reduce I fis] 

Bax é oval trapping To illusta the method recommended he 
two dat will be discussed. tl] ny il ! ne I it101 nel 
method might } . he aacond showit n example where the met] 
appears useles 

In Ju 1948, mead rhe VU. pennsyl re trapped i eld 1 
Kast Lar Michigan, being captured in a 475-f line of traps which consisted 
of 20 § trans each. tl ts spac 25 fee part. The numbers of animals 
taken within eax the three consecutive 24-hour periods are shown in Tab! 
Considering only the records for adult animals, when no animals had been 
viously captured, 13 were taken within one day. After the 13 had been rem l 
3 were taken during the next day, and ther fter 16 had been removed ot y 
vere taken during the following day. Figure 2 the progressive decrease il 
catch p day as animals were remov \ line has been fitt d to the points mn 
this figure. The slope of this line allows the probability of capture of adul mals 
to be estimated at .71. The population number may be estimated at 18, either by 
observing the intercept of the line on the x-axis in the figure or by computing this 
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quantity in the usual manner. Estimates based upon the records of juvenile 
animals are shown in Table 4. 

The fact that the estimates of populat ions which were in contact with the traps 
were equal in this case to the total numbers of animals captured is not especially 


significant, except to indicate that the density of traps employed probably was 


sufficient to remove the population within three d Vs It seems here that the 


high probal ility or capture made it unlikely that an animal would escape the 
traps f< r three davs in ar 
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The second set of data, shown in ] igure 3, relates to the third period of the 


experiment discussed under the mark-and-release type of trapping in a previous 


section of this paper. These data describe the capture of adult female animals not 


previously handled within the period of July 29 through August 4. The catch pe 
day of new animals behaved in an irregular manner, and did not decrease 


markedly as animals were captured \ hay field adjacent to the study area Was 
mowed during this time, and from other data, not shown here, it seems possil le 
that during the time from the second through the fourth days the probability of 
capture among animals considered to be residents decreased greatly, regaining th 


former value on the fifth day. During part of this time animals which were 
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classed as not residents behaved so as to suggest either an influx or an increased 
probability of capture. Whatever the details, such a situation would seem likely 
to give false results in an attempted census by removal trapping. Treating the 
mark-and-release data of this period by the first described method yields a value 
consistent with previous estimates (Table 3). 

A complication, not compensated for here, is the fact that the probability of 
capture of any animal may be reduced as any trapping period progresses and 
other animals occupy various traps throughout the home range of the particular 


20. 
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Fic. 3—Numbers of new adult female Microtus pennsylvanic caught per day as more 
animals were captured, East Lansing, Michigan, July and August, 1942, 


animal considered. It might be necessary to employ a correction tending to in 
crease the observed rate of capture, somewhat after the fashion of that used by 
Leslie and Davis (1939), when any considerable proportion of the traps are 
occupied 

Summary.—1. Data from mark-and-release experiments may be used for esti 
mating the population present by following the increase of the proportion marked 
in samples drawn from the population as additional animals are marked. Com 
pared with the second approach suggested, this method is not so severely upset 
by a day-to-day fluctuation in probability of capture throughout the whole 
population. An estimate of error is available. 


2. Data from removal experiments may be used in estimating population by 
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following the decrease in the rate of capture as animals are withdrawn from t} 


i 


e 
population. This approach depends upon the probability of capture remaining 
constant, and may be rendered useless by a change in this value. 
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GROWTH AND BEHAVIOR OF A LITTER OF CAPTIVE 
LONG-TAILED WEASELS 


By GLEN C. SANDERSON 


The writer spent the summer of 1947 at the Delta Waterfowl Research Sta 
tion, Delta, Manitoba. On June 25 a weasel was seen carrying a mouse (probably 
Microtus) along a sandy ridge road. The weasel was pursued for about 100 yards 
along the road, but it did not drop the mouse before escaping into a hole. That 
evening, number 1 jump traps were set at each entrance of the burrow; the next 
morning a female long-tailed weasel (Mustela frenata longicauda) was found dead 
in one of the traps. When a study skin was being prepared, it appeared that she 
had recently suckled young, and a hasty examination revealed at least three 
visible placental scars in each uterine horn. That evening, twenty-four hours after 
the traps had been set and twelve hours after the adult female was found dead 
in the trap, eight young weasels were dug out of the burrow. During this time the 
traps had remained set at both entrances, but the male was not caught. Although 
it is commonly believed that the male assists in bringing food to the young, in 
this case the male had apparently deserted the litter or did so when the traps 
were set 

Even though their eyes were fully open, the young were obviously too small 
and helpless to leave the burrow. They made no at tempt to escape from the palm 
of my hand. One male, which was injured with the shovel as the litter was being 
dug out, had completely paralyzed hind legs; however, he was one of the large 


weasels in the litter and seemed to be first in the ‘‘peck order.’”’ He was seen to 


take food from the others a number of times, but in spite of his paralysis non 
of the others took food from him. On the morning of June 26 only his skull re 
mained. Weasels constantly chew one another in play, and it seems likely that 
a litter-mate had bitten one of his paralyzed legs and drawn blood. Thereupon 
the injured weasel ceased to be a playmate and became food. With the scent of 
warm blood, the rest of the litter probably could not be warded off. 


Description of burrow.—The simple burrow was about three inches in diamet 


with two chambers at a depth of twelve inches. One of these was empty, the othe1 
contained the young. The two surface-openings were but two feet apart and th 
entire burrow was no more than three feet long. Other weasels in this locality 
were found to use the extensive burrows of Richardson’s ground squirrel (Citel 

richardsonit) for dens 

Contrary to what Seton (Lives of game animals, pp. 612-618, 1929) and others 
have described, the meager nest material consisted entirely of finely chopped 
grass. There was no mouse hair present, no accumulation of fecal material, and 
no storehouse containing food. If there had been stored food it would probably 
have been eaten by the young after the capture of their mother. 

Foor A wide variety of foods were eaten: mice, shrews, and birds; skunk, 
weasel, and woodchuck carcasses; hamburger, ground liver, even bread and milk. 


The only food refused was a live Manitoba toad (Bufo hemiophrys Cope) and 


a live garter snake, although only the hind-legs of a frog were eaten. On two oc- 
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four days between weighings. After that, they were 
their growth was followed for 
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weighed once a week. Thus 
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sixty-three days, during which they were weighed 


thirty-five times. 
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weighed as much as the lightest male (Fig. 1). Her rate of gain continued about 


1e same as the males until July 16, when all were approximately eight weeks 
old. As noted above, she could be distinguished from the males by sight after 
about the first of July. At maturity she weighed 241 grams, 86 grams less than 
the average male at maturity 


At approximately ten weeks, the litter reached the peak of their growth and 


fluctuations showed no trend. The peak litter weight 


from then on their weight 
coincided with a peri d of hot v 


weather in early August. When all weights were 
plotted separately, it was seen that all males reached their peak on the same day, 
August 3. The female was shipped to Dr. P. L. Wright at Montana State Uni- 


versity on August 2, after she had come into heat. He continued to weigh her, 


a upplied showed no trend 
Wright (loc. cit ound that young captive males reached mature size at ap- 
proximately 81-83 days of age. He further reports that males in the wild do not 
each mature siz SOO! hey do in captivity. In spite of this difference in 


the growth rates of captive and wild weasels, these data on the growth rates of 


ptives are presented because it is rarely possible to obtain so complete a series 
weights in either captive or W ld vea els 
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NOTES ON LIVE-TRAPPING MINK 
By Rospert A. McCasi 


Mustela m letifera (Hollister) is the only species of mink occurring in Wis- 
consi With a price on its head, and with the specie nowhere in its range super- 
abundant, opportunity and incentive for many kinds of study are lost 

This mink investigation was begun at the University of Wisconsin Arboretum 


in 1943 for the followin= reasons: (1) We felt there was a sufficient population o1 


the refuge to warrant attempts at live-trapping; (2) the mink research could be 
done in conjunction with a pheasant project which larger, more laborious 
undertaking; (3) we hoped to learn something of the ecol nd winter b 
of Arboretum mink; and (4) we wanted to test certain field techniques for 
ing on wild mink. Four winters of trapping were completed by the wi 


Thi 
shore of Lake Wingra about two miles from the ec iMpus at Madison, Wisi 


The lowland or marsh areas comprise about 700 acres, bisected by a seri 


niversity Arboretum (Fig. 1) is an 1100-acre area located on the so 


spring-fed creeks. In the east section of marsh are a group of artificial pon 


Some of these, through seepage holes in the banks, remain partly open d f 
most of the winter. The marsh vegetation is chiefly perennial herbs su 
goldenrod (Solidago sp.), aster (Aster sp.), sedge (Carex sp.), and sma 
(Polygonum sp.), and part of the area is grown to red osier dogwood (( 
tolontfera), tartarian honeysuckle (Lonicera tartarica), elderberry (Sa 
canaden , and willow (Salix sp.). In this habitat the mink work was und 
taken 

Trap Our first attempt to catch mink was with a treadle-typ¢ 


commonly used for catching rabbits (Gerstell, 
It had a crude inside-lock arrangement, the details of which need not be elal 
rated. This trap was 24 x 7} x 74 inches and built with {-inch pine 
The entrance was six inches square and the back closed off, but witl 
ventilation openings. The first morning’s set of these traps show 
different mink had gotten in and out of seven of the eighteen traps set. Ou 
was obviously inadequate 

The next lock arrangement was the attaching of : cupboard catch’”’ 
outside lower edge of the door, which as it fell allowed the catch to fall int 
notch in the bottom-front of the trap. This locked the door securely. It could 
be opened by presssing on a spring mechanism on the upper part of the cat 
Except during periods of rain o1 very high humidity thes traps wert efficient 
and successful. In damp weather, however, the s:des of the trap and the d 
itself would warp despite the fact that the wood had been seasoned on tl 
for over three years. If either or both the door and the corridor (formed by thi 
sides and bottom) warped, the door would not fall properly or would stick along 
the sides and fail to lock. 

The mink, unlike a rabbit, has the ability to lift an unlocked door. In one in- 


stance a mink chewed a hole through the locked wooden door. In many instances 
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changed wheneve they dried o1 were stolen or eaten bv shrews No attempt 


made to use live bait. The use of a commercial scent was tried during the 19-4 











17 inter, but no conclusions could be drawn as to its effectiveness. | personal 
believe the use of a good scent would increase trapping « flicienev. We did try 
PLATE |! 
| 
S 
mink by placing in each trap several female scats gathered at a min 
during the breeding: se nn \guin the test rur ‘ S complicated wit! 
rinbles that no conclusion could be dy ! 
Che traps were al vs set so that thev were inclined slightly toward the 
end. This facilitated a mor rapid falling of the doo and assured the locki 


the eatel The tr: ps wer lso placed so thev could be checked from a dist 
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it field glasses. Thus the area around the trap was visited about 





1 | 41 
e¢ wnen tne } ] chang 
ttemy] mprove trap ¢€ 1e1 i o close off the 6 x 6-inch trap 
i : I 
1 ' , 
hooking ove board 1 25-inch circular hole. It was hoped 
kened trap plus the inm e of the mink would entice the 
+] _ hie did not 
| 
a? narkeine Wher ! { rung, it was examined on 
i ( mir se] I I nd its contents were removed to 
ss . , 1 
tul or! op He ( Ve Ol | est, remove tie animal ir ym the tr: D 
x A orait el nlaced +} entrar er the tran had been 
} ; Che cat . ] hrougt bag. allowing the door 
re n throws ; end « trap with a stick 
min! nt +} el 1 | har he e of the sack was 
1 
then pl , né the animal moved about in 
1 
| I 1% | ( ne pr er moment ne 
+ ) 
: el he r I S n ompanied by 
1 . 
. , +} n e odor ot n isk 
ns min] ( en. Once the mink was firm] 
ok er th ; ou he oll n the holder’s rm and the 
, ’ . 
os n this positio1 : nd marked. Sexing was a simple 
é IN) ne ¢ t na YET 
} . r) edent s , f four methods 
ed \ ed notches in the eat 
( ne I ri ne ni ec r | T di Hh 1} \ vas T 
} | ; . aa : _ 
r r ‘ r ( en a mink 1s 
. ’ 1 
t I g ne I I I I st g n closed. A further 
ial nr 
( 9 ( | ~ ( < iasp. ihese were 
T 41 
iT I tne sal ( | ne eal 
f L- 
eT I I as Un & mink 





( ( ; he inside toe on 

ipped. J or I ) l es not impair the 

{ e fi ind heals rapidly. The t lipped animals were easily 
ing been in the traps before it no attempt s made to mark 
dividualiy by this method. h luality was attained by our last 

} ventral or belly pattern of the min vas dlagrammed ina manner 
that used in registering purebred Holsteiz ttle. At first this was done 
gridded outline of a mit as prepared (Fig. 2) with the chin 

rged and set to one sid he white chin patch is characteristic of the 


ny, Field Book of N. Amer. Mammals, 1928: 108) and is often the 
rea on the entire animal. No O specimens examined in the field 


contused. ‘The mink, like the leopard in the adage, is unable 





cull that we recognized 


ptured on March 9, 1945, : e same animal caught first on March 
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MINK RESEARCH 


DATE 2/16/47 
SEX 2 
WEIGHT 689 GMS. 
LOCATION 


EAST-290 PONDS 
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TAGGI Nx 
R-fNSIDE MIND 


Te c Sore 
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REMARKS 





COAT VERY DARK TTT I 
| | | | 
LEFT UPPER CANINE | BERGHE RE 
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TOOTH BROKEN TI oe 
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(SEE OVER) aEaReEee 
= | = | 4 4 
| | 


Fic. 2.—A sample marking of a mink belly pattern on the gridded outline 
31, 1944. This is perhaps the first “‘return” of its kind for wild mink and the only 
one we had in the study. 
Trapping results.—The first winter’s trapping (1944 yielded seventeen mink, 
five of which were repeats, that is, recatches in the same winter. In the subsequent 


three years we caught only six new mink, two of which later repeated four times; 


one mink was caught in two consecutive years (Table 1). Some of the possible 
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causes for this disparity in trapping success are also compared in the table. 
In the years of poor trapping the snow cover was both like and unlike the 1944 
winter, which was the best for trapping results. Twice as many trap nights were 
run in the poor years and the probable food source varied from worse to much 
better between the good and the poor years The relative abundance of food source 
was taken from field sign mostly in and around the corn-baited pheasant traps, 
and from animals caught and shot in a rabbit study carried on in these winters. 
Thus it seems that logical sources of dis repancy are ruled out. 

The fact that there were less mink afte 1944 (Table 1) was in my opinion due 
to excessive poaching and heavy trapping immediately outside of the refuge 
boundaries. The poaching is constantly combatted, but as of 1948 it is still a 
major difficulty 

On the basis of per cent captures of the estimated population, 1944 is still the 


best trapping year. The prim¢ cause of failure in subss quent years [ believe to 





ABLE |] S Y f Y pp U7 Wi Art tun 
- y M , i 

1944 0) 14 170 1ed high med 

1045 f 98 5 610 high high high 

AB g " 0 igl low very high 

047 6 ’ 9 T4134 hich } low 

1942 Q igl lov low 
be attributed to the galvanized metal door on the traps. Whil 1ad a mechan- 
cally perfect trap. there was pparentl lded to it a feature that repelled mink. 
Many traps containing the choicest of baits and located in the best of sites were 
hy-n: i day after day. The aversion of mink for metal is well known among 
tur trappe! For lac] ot time ve have never beer ble to 1 rify this with our 
part metal traps 

he populatior estimates ere mad iron ield obs rvations and sign There 


may be some error as to the sex of the mink, but I am r asonably certain that the 
total numbers are reliable (Table 1 

Life history note The area covered by a male mink is known by most fur 
trappers to be extensive. The Arboretum bservations on what I believe to be 
male mink tend to substantiate this. In each of the last three winters (1945. 1946, 
and 1947) a single male with a very large footprint and a long gait came in from 
the east, made long exploratory circles covering over a mile, and left in the direc- 
tion from whic! e entered. Sometimes as much a month later, the ame kind 
of tracks appeared over much the same route. On only one occasion could J 


track the animal throu 


h the refuge. Whether this behavior is general. and 


A 


whether the same animal was responsible in each case, I am not prepared to say. 


[ do believe, however, that the mink habitat of the 1100-acre University Arbore- 


tum is too small to encompass the entire range of a male mink. The female ap- 
peared to be more confined in her movements. In a series of trapping repeats 
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(animals recaptured in a given year) the farthest distance 


100 yards (Table 2). The single male return (recapture i 


ing) moved about a half mile. 
All mink caught were released at the point of 
more than three hours in the handling process 


less as the animal worked its way out of the untied sack, ] 


$y rema 


interesting observations during the release. If 
few 


fer 1 
Oftentimes tl 


usually drank heavily and sometimes only 
In one instance snow was eaten instead. 


and disappear into a den, the locations of which are s 


female mink, when released, began at once to hunt, gr 


scratching snow at Microtu 


burrows. With the aid of 
was kept under observation for thirty-five minutes, but d 


no catches 


: . 
capture and were seldom 


water wa 





Vol. 


Vo. 4 


any female moved was 
a year following mar 

ldom held 
ining quiet and motion- 
was able to mak« many 
s available the animal 
from the release point. 
e mink would lope off 
(one 


own in Figure 1. 


bing under logs and 


glasses this anima 


uring this time she made 


| BLI i} 4 
j r 
65 
19 

Re cau t 

The weights of nine femal 52 2 794 gran ! 
average weight of 574 gran he { I ( re 055 gram nd nged 
between 750 and 1570 gran 

In four winters’ trapping, seventeen é é mammals and two speci 
of birds were caught in the mink s ( incommon mammals o! 
the refuge, the least weasel (W/ uste Se d < Felis), were among 
those « ugh 

During the y 194 1 which the mink trappu most successful, no 
weasels were caught and no sign observed on the trap line. The following winte1 
when the mink trapping was poor and mink sign scarce, three male and three 
female weasels were caught. This appa subst on of one mustelid foi 
another in a given habitat is part of the ecological pattern. It seems logical that 
in a pyramid of animal numbers the larger of two carnivores occupying the sam«¢ 
niche would tend to exclude or reduce the small 

Discussio The life history of the min V ustele son) is perhaps as well 


known as that of any of our furbearers yet 


—. nN : : . . aaa. mi a 
in print. The Journal of Mammalogy published nin 
} } } } +} +} , ] 
peiore a single Mink paper appeared other than misceli 


is ample literature on steel trapping of mink and on the 


falls, but I found nothing on live-trapping these anima! 


there is cor } 


teen 


varatively little material 
volumes (1919-36 
neous field notes. There 
use of snares and dead- 
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FIVE BATS NEW TO THE KNOWN FAUNA OF MEXICO 
By Wattrer W. Dataquest AND E. Raymonp HALL 


4 


\mong th 





e specimens of mammals obtained in the state « ‘acruz, Mexic« 


in 1946, 1947, and 1948 by one of us Dalquest , for the University of Kansas 
Museum of Natural History, are bats of five kinds which seem not to have been 
previously recorded from the Republic of Mexico. Assistance with the field w: 


1, 1 ¢ 1 


is acknowledged from the University of Kansas Endowment Association. 


Peropteryx macrotis macrotis (Wagne1 This species has been previously recorded fror 


Brazil northward only as far as Guatemala 


Our specimens were obtained in the limestone hills bordering the upper part of the Ri 
Chalchijapa, a tributary to the Rio Coatzacoalcos, at 500 feet elevation, at a place 38 ki 





meters southeast of Jesus Carranza, at the lower edge of the Upper Humid Tropical Lif 
zone. There, on April 27, 1948, a small colony was found in a shallow recess in a limestone 
cli rhe rece ‘ | ely four feet high, f fee g 1 twenty feet above tl 
stenr The ree haded. but at midd iiehted as well as a room of the avera 
hous The | é clinging to the ceil f is rece vhen the collectors enter t] 
ote aaa d ices 2 bate entered a dark hele aprwexs twenty inches in diaz 
et The othe fj —_ » fon Oe her lung to the roug vitte 
ceilir Eventual e frightened ! e small hole. The hole proved t 
be } ant ne ) R y; e CAVE pp eet | rl ind twent 11 ¢ 
in horizontal diamet most compl A ssistant ent 1 the hol 
followir b ne : hung over th enir | ssistant frightened the bats 
causing them to fly into the net; only one « bats escape J re collected ling 
four males, a non-pregnant female, and eI s with large « O 

Later tl ime da / s the on found in a e about thr 
feet in diameter and 100 feet long, less than t kilome f tl described 
This specimen was a preg female. An Artil l ws UI 
at the mouth of tl ave 

On April 28, two males with small testes were found in small caves in the limestone cliffs 
Une W is alone The ot eT Wa i! cave withs cI | Bal nt opt TYUZ o Th ymas and on Ch 
ty pte r ; Peters 


On April 30 the cave where the ten specimens were taken on April 27 was revisited. Onl 
two bats, both of this species, wert caught. Both were males with small testes 


Peropteryx kappleri Peters.—Previously this species was known from Ecuador a 


Guiana northward as far as Guatemala. Per: pleryx kappl seems to be the rares 





species of sac-winged bats thus far found in Veracruz 
btained in the same iocality as the series of Peropteryx macro 
At the base of a long limestone cli 


area under a rock and enter the mouth of a small cave formed by fallen rocks. One persor 


Our iour specimens were 


ff, on April 30, 1948, a bat was seen to fly from a shaded 


entered the cave while another guarded the mouth, which was about two feet high by a foot 


f was approximately ten feet high and seven feet in diameter. Four bats 


were seen in the cave, with the aid « 


wide. The cave itse 


f a flashlight. One was caught by hand. The other three 


flew out, where the guard caught one of them in his hand. The remaining two entered a simi- 


A net hung over the mouth of this cave caught the bats 


lar but smalle: 





when they attempted to escape. All four were males with small testes 

Balantiopteryx io Thomas.—Previously this species was known only from a few localities 
in Guatemal: 

On March 6, 1946, Mrs. Leora Forbes led the way to Grutas Atoyac. This cave is two kilo 


meters east ol Atoyac at about 1500 feet elevation. The mouth of the cave is midway down & 


} 


steep limestone hill; the hill is situated between the railroad tracks and the Rio Atoyac. The 
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entrances small, but the cav lf is ) 0 t g. In ( »f the floor 
the cave ut 150 meters from the mou f exer my 
found. Only; ew Vv vires. D vd r Wagner : ) ' 
| tion clu 1e ver lw D ) tht f ym. the 
1 , ‘ +} : aaa ' 
7 l rl I ling. O1 ugh 
» be caught b é pil 1 ) r two thimble 
f t ) D ‘ ¢ I ling on these 
yT M t n pit l 1 A] hanging 
he , f , { ted. Of the four 
ecime S 4 pregnant females 
0 A 95 48. a larg yu! land sp n ere o 
r ( 4 ( lel Ss | omet s southeast of 
le ( Tl t ¢ et high, ty-five feet 
( l 1epresslo! I ( feet d en feet below the 
{ t.] e heigl } es m tv et and the width 
} + | ‘ T 5 ie | UT SE - 
VM : ir clita a 
VV ‘ ‘ 
~ J thiré te fitt 
pe al 0 
| + 4 , r. The bats 
i m I h ive. Here 
I e clin 
’ an S I har 
} l ng ] Ra ere 
t I ( I I | tes and the 
vit It s estin dd 
; } 5 OOO. LI iroppIngs 
if ve ibundant. It 
nat 000 bats « I p r cave evices, and 
the d | I hur r( the cliffs 
| r} I ve S l ) I 5 I kulls, 27 are alice 
re sh ne g f 100 specimer captured 
l can l I preg I I nae I 
Chilonycteris personata Wagn Pre us! | peci | nt unge from Bra 
» Guatema!l Strictly spe ing, our speci ns I not | the t be recorded from 
Mexic in as muc Gerrit S. Miller, J P 1. dS Washington ol. 15, p. 249, 
4 | De mbe 1¢ 1902) records Ar ooke ein Ci nycteris ps lotis’’ from 
Tehuantepec Mexic obtained by Francis Sumicl] s S05, and the spe ies Chilonycteris 
Dobs vas thought by Allen (Bi A me Mus. Nat. Hist ol. 30, pp. 264-265, 
8 December 2. 1911) to b synonym pe ne If All is correct, the specimen taken 
) by Sumichrast is the first recorded from Mexico edating our record by nearly 100 vears 
l} pecimens he recorded were taken J u to January 8, 1948, in the Tuxtla 
t Mountains at a place three kilometers east of San Andres T 1000 feet elevation. The 
specimens were most taken in a cave situated near the top of a basaltic cliff eisa 
x S innel for some 200 feet. The entrance is triangula yproximateiy two meters on a 
ae Sl the cay iverages ipproximately six feet in height and ten feet in width The 
um hei ! measured, but was probably more than twelve feet. The floor of 
: t ( ‘ r ( it the cave ratl nuous in t! ho ) il plane tor some 200 
Phe fe At this point off se rticall bout eig Dp ) I ilt reologie 
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mission to publish the following excerpts from his notes. ‘‘In the fall of 1910, one swamp 
rabbit was killed at Parker [northeastern Johnson County], Illinois. . .. It was the first 
swamp rabbit that had ever been killed in that area as far as any of the old residents could 
remember. .. . In 1936, five were killed near Waltonville [Jefferson County] on Big Muddy 
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\. E j Original Range . Extension of Range 
Fig. 1.—Map showing distribution of swamp rabbit (Sylvilagus aquaticus) in Illinois 


River. . . . In 1937, on Saline Creek between Marion and Creal Springs [Williamson County], 
Iilinois (3 to 4 miles 8 of Marion), four were killed . One [was taken] on Bit Muddy River 
4 miles north of Herrin [Williamson County], Illinois 
Daniel Monroe Quillman, my grandfather, has hunted rabbits in the Big Muddy River 
bottomlands four miles east of Sesser, Franklin County, Illinois, almost every winter since 
boyhood (born 1868) until this writing (1947), but first observed swamp rabbits in that area 
in the winter of 1935-36. That winter, he recalls, three were killed by him. Swamp rabbits 
have been taken there almost every year since that time 
According to hunters’ reports this rabbit is often found as far as a mile from, and when 
startled runs directly toward, the nearest swamp to escape an enemy. In a cypress swamp, 
in Johnson County, I have personally seen this rabbit take readily to water while attempt- 
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g my, although it usually retreats into one of the hick brier patches ad- 
cent t the I Dp ure 
The swamp rabbit has probably moved up n the lowlands along the Big Muddy 
Ri from the lowlands of the Mississippi River and up the Ohio River Valley to Saline 
Creek and in its drainage basin. It pparent range in 1909 und its pr bable range today 
are indicated on the map (Fig. 1). The exten f range here recorded j approximately 
0 1 point six miles north of Sesser in Jef- 
er mn hahites 


itat since canebrakes and cypress 


he region of Reevesville, but are non-exis 
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ry, University yf Kansas, Lawre nee, Kan- 
THE EFFECT OF DEN FLOODING ON WOODCHUCKS 
Comparatively few obs¢ ions ha be ecorde soncerning the effect of natura] 
disasters on mammal populatio1 An exceptior Leedy’s note (Jour. Mamm.. 30 73, 1949) 
) odchuclk VU f su l « is! re 
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ROUGH-LEGGED HAWK FEEDS ON SHREWS 


On January 3, 1949, a rough-legged hawk, Buteo lagop 3.-johannis, was brought to the 
Joseph Moore Museum at E 
the light phase was sh 
ville, Indiana 


Ww 


which was 3-4 years old. When the haw 





irlham College, Indiana, for identification. This adult male in 


ristmas day three mile uth and one n 





ot on Cl 





iavst ich 


y over a 


le west of Center 
I 





} 


At the time it was shot it was hovering characteristical 


k’s mouth was opened there appeared the tail and 
hind legs of a least shrew, Cryptotis parva. The crop was found to be full, and upon examina 
tion ten Cryptotis parva were discovered therein. To this observer’s surprise the stomacl 


contained remnants of sixteen Cryptotis parva and one short-tailed shrew, Blarina 





brevicauda. The total found in the digestive system of tl hawk was twenty-seven 
Cryplotis parva ind one Blarina brevicauda 
Lyon, in his ‘‘Mammals of Indiana,’’ (Amer. Mid. Nat., 17, 1936), says that Cryptotis 


parva is uncommon and that he himself took only one. The number of shrews taken by this 


hawk would indicate that these diminutive shrews are more abundant, at least locally, than 
the trapper might thin! James B. Cope, Joseph Moore Museum, Richmond, Indiana 


Received March 4, 1949. 


TUFTED TITMICE PULL HAIRS FROM LIVING MAMMALS 





ir s, but they usual 
»btain this material from carcasses of wild animal in f here butchering has 
been done. A few accounts of the tufted titmouse (Pa b ir from living ani 
mals, including man, | | 1 published i nitholog it this habit do 
not appear to have been brought to the attention of mat 4. C. Bent, in h 
Life Histories of North American Jays, Crow ind Titmi U. S. Nat. Mus., Bull. 191 
397, 1946), cite n incid f th pecies pulling I I iil of a red squirrel lying 
on a branch, and another of a pair of titmice plucking fur from a woodchuck (Marmota 
monazx) that had climbed a few feet into a tree. He also tells of two occasions when tufted 
titmice have busily snipped hair from the head hum beings. Mr. Devereux Butcher, 
Executive Secretary of the National Parks Association, describe quoted below) a similar 


observation he made near Washington, D. C. in the spring of 1944 
‘‘Approaching a chestnut snag in the woods last spring, I looked up and saw three full 
grown pos ums Di le lphi l irginiana per ring do n It woul i h ive he ena treat to see one 


but three at a time was a show. I sat on the ground nearby to watch. The limbs of the ches 





nut had broken off and were hanging in the tops of surrounding smaller trees. Two of 
possums were ¢ lose together on one limb, while the third was alone on another. Remaining 
very still, they gave me the impression that they were trying to ese ipe notice But the pos 
sums were destined for trouble anyway, and this presently came to them in the form o 





scolding titmouse. Flitting about, this titmouse became bold, always coming closer to the 
pair. Soon the bird alight« d for an instant on an outstretched tail. Unthreatened, he even 
tually alighted on the animal’s rump, pecking vigorously—or so I th 


the possum to jump a little with pain. After a few moments I discovered that what was 


happening was that the titmouse was pulling out hair for nest lining. Upon acquiring a beak- 


full, the bird disappeared. In a short while he returned for more, this time attacking the 
lone possum. Now he became so bold as to stand on the possu1 back and uninterruptedly 


pull out hair for all he was worth 
It is to be noted that in all of these cases the mammal concerned was either naturally 
slow-moving, or else in a position where it was making little or no motion; while the human 


beings, of course, remained as still as possible during the tin [t would be interesting to 


have similar observations recorded to determine how common this habit is, whether other 


species of birds engage in it, and what species of mammals are so treated.—FReEpD 
M. Pacxarp, National Parks Association, Washington, D. C. Received April 1, 1949. 
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GESTATION PERIOD, YOUNG, AND MAXIMUM WEIGHT OF THE ISTHMIAN 
CAPYBARA, HYDROCHOERUS ISTHMIUS GOLDMAN 


There is apparently no published information on either the gestation period or the new- 
born young of the isthmiar capybara Hydrochoe s isthmius Goldman. Asdell (Patterns of 


ialian Reproduction, Comstock Pub. Co., Ithaca, 1946) records 119-126 days to be 








tation period for Hydrochoe hye hoe L. of South America, but gives no fur- 
mation about the rodents of the family Hydrochoeridae. 

For some years the Gorgas Memorial Laboratory has kept specimens of H. isthmius in 
captivity in connection with studies « f uine trypanosomiasis to which the species is par- 
ticu ly susceptible. The animals take vw ll to captivity, become docile, and feed well 
They are permitted to graze at will during the day on the grass lawn of the laboratory 
grounds. At night they readily enter a large outdoor cage where they are locked up. In addi 
tion to the grass they secure by grazing, their diet is supplemented by generous supplies of 
fresh vegetables and fruits 

\ young adult female capybara, weighing 33 pounds at the time of its receipt, July 20 
1937, from El Real, Darien, Panama, came in heat during the last week of February, 1938, 
und was bred to a male. The last time she was observed to take the male was on March 1, 
1938. She gave birth to three young on June 12, 1938. The gestation period thus is between 


104 and 111 days, somewhat less than the 119-126 days recorded by Asdell for H. hydrochoeris 





The mother and young were weighed on June 17, 1938, when the following weights were re 
corded: Mother, 45 lbs.; young (female) , 2 LS ung (female), 2 lbs 14 ozs.; young 
femal > ik 15} « 

This is the only instance of a birtl f ti peci recorded at the Gorgas Memorial 
Laboratory. A female killed in Darien on August 27, 1930, weighed 62 pounds, and was 
pparent Imost at full term; she had four unbor1 ung (3 n nd 1 female) with 
I erage y ind 

O yme twer capybar Go Me b tor he largest 
male weighed 58 pounds, largest fer 62 pound Haro rRAPIDO, Gorg Memorial 
Laboratory, A partad 52, Panama, R P. Rece VU } 49 


LONGEVITY IN THE LITTLE BROWN BAT, MYOTIS LUCIFUGUS LUCIFUGUS 





\ total of 1808 little brown bats, Myot ‘ugus lucifugus (LeConte), was banded and 
eleased in a summer colony at Southern Illinois Universit formerly Southern Illinois 
Normal University), Carbondale, Jackson Count Illinois, in the summers of 1940-1942 
Cagle and Cockrum, Jour. Mamm., 24: 474-492, 1944). In 1945 Cagle (Jour. Mamm., 26: 
307) reported the recovery of one specimer female, with a minimum age of five years 
The recovery of four more speci ince Cagle’s report appeared has added to our knowl- 





2 


A female, adult when banded on M 17, 1940, was recovered on January 13, 1945, by 





uve, two miles east of Cobden, Union County, Illinois (14 miles south 
the point of banding). This specimen was at least five and one-half years old when re- 


A male, juvenal when banded on August 21, 1940, was recover 





September 23, 1946, 
Jackson County, Illinois (approxi- 


by Wilburn Crain at a point four miles south of Gorham 


mately 15 miles west of the point of banding). The known age of this specimen was six years. 


A female. adult when banded on May 3, 1940, was one of fifty-two banded individuals 


taken from the colony at Carbondale and released on the day of banding at a point three 
miles north of Vandalia, Fayette County, Illinois (approximately 100 miles north of the 
point of capture, see Cagle and Cockrum, /o t.: 491). This female was recovered on May 


10. 1945. by Mr. Jacob Hayes in Carbondale, Illinois. This individual was at least six years 
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\ female, adult when banded on May 25, 1941, w recovered on May 27, 1948, by Julius 
5 t the point of banding. This individu least eight years old 

I grateful to Dr. Fred R. Cagle, Department of Zoology, Tulane University of Loui- 
lal New Orleans, Louisiana, for making the original banding data available to me the 
United Stat Fish nd Wildlife Service for furnishir g the bands used and reporting the 
recoveries that came to their attention, and to Mr. Julius Swayne, Southern Illinois Uni 
versity, Carbondale, Illinois, for his co-operation in 1948 in checking the colony for banded 
individual K. LenpEett Cocxrum, Museum of Nat Histo University of Kansa 
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and out ides of all four leg re rich ochr yus-buff. There is a narrow black stripe down 
black Spot near the base of the tail The under 
be an example of the typical race, Canis latrans latrans. 


ote was trapped in the Chestnut Hill section of Philadel 


Morgan 3rd. on November 5, 1942. It was a male, pale in 








eolor. and quit 1 only 18} pounds. The genera! coloration above is buffy 
mixed with | I onger hairs a | é pp vith brownish black. The 
muzzle, backs « and outer sides of the leg re buff. There are faint black 
rkings on the f ick spot near the base of the tail. The underparts are white 
measurement 1zth 1091 mm.; tail, 330; hind foot, 178; ear from crown, 127; 
ear from not f this animal is no. 20630 in the Academy’s mammal 
collection. It appears to be an ex of the desert coyote, Canis latrans estor. 
Mu h loe ] public ity \\ ven a large male covote | illed b d eT hunte rs near Fishing 





Creek, Cape May Count »w Jersey, on December 13, 1948. It was first identified by a 


‘ T tat 


New Jersey State Game Warden as a gray wolf, a species extinct in that state for more than 


1 century. I am indebted to A. D. and A. R. Stasche, Philadelphia taxidermists, for the 














pportunity of examining this animal in their studios where it was being mounted for Frank 
Menz of Millville, New Jersey. This coyote weighed 364 pounds and measured as follow 
tal length, 1281 mm.; tail, 390; hind foot, 219; ear from er: I 18; ear from notch, 108 
In colorati agre closel th the one fr Sheshequ 1e guard hairs of the back 
heavily tipped with black. The ears and brush are tipped with black. The outer sides 
four leg re rich ochraceous-buff. There are bla tri; yn the fronts of the foreleg 
1e typical black spo curs near the base of the tail. Apparently the animal was caught 
pn at one time for the third and fourtl of the left forefoot are missing. I have 
Tt et pical ( ( trar 
\ coyo e | collected i n ry east Naturalists have long 
t ‘ I | ett ri u é ) but ratl vere 
‘ l or ré ‘net The records of the Philadel ; yuld seem to corroborate 
t On D 1930, the zoo received a female c te from an individual in Caps 
l J A m Ww presented from Ple ’ N on May 7, 1936 
Two from a litter of three born at the zoo on April 28, 1938, were given to a person in Bridg 
New Jer Four young ones were presented to the zoo | man in Trenton, Ne' 
Jers n Ju +, 1942. A coyote still living at the ; is captured on July 26, 1946, in a 


t n Mar unk, Philadelphi vhere it had taken refu Only the last example wa 


ctually at large, but the records certainly indicate that coyot« ire commonly kept as 
pets. A certain percentage of these could be expected to escape, and some of the rest might 


‘les about loosing undesi 





predators | ettled distri ma readily 10 SO when the tire f them or the beasts be 


come cious upon maturity FREDERICK A. ULMER, JR., Z yical Society of Philadel phi 





THE SHORT-TAILED WEASEL IN UTAH AND COLORADO 


At the time of publication of my “Bibliography of Utah Mammalogy” and its su 
ment (Pr Utah Acad. Sei., Art ind Letters, 13: 121-146, 193¢ nd Great Basin Nat., 2 
125-136, 1941) I had not bee ible to find an authentik 1 of t short-tailed wease 
tela ¢ from Utah, and the species seems to | ) vhat rare throughout the 


ntermount Vest. Throughout mal ears of field work in t mountainous West I have 


com ! ntact this mammal until rece! ' sit if >have assumed the 
Dp ( ( tr nin l mm ti I ( e} I nd from the fact 
th Ww ed fro I urrounding state 
( September 1947, Mr. Jar Bee found a f | lu le in the Americar 
] Cirque : the n d ¢ of Mt. Timp { ( t an elevation of 
‘ 1000 The anu had evider be nee the sku 
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on the east slope of Mt Timpanogoa shot I di It femal yn June 10, 1948 The animal 
had four active nipples, but the uterus contained no embryos. She wa 
grown Micr longicaudus over loo lide steep slope at 


about 8000 feet. The time of capture was ut 3:00 p.m. and the day was e 





Unfortunately, the skull was rather badly damaged when the specimen w 

Later in the summer of 1948, whil he Rocky M t Biological Lab ry at 
unt Colorad I ht n th of ¢ te But I 

th pecies on st sit The species v ollected in that 

urs ago by E. R. W n. On July 17 I examined a specimen that had 

h ide in rich underg pen forest at an elevation of 

ng n vith She I ng mall mo banked stream 

r camp, I captured an adult male July 31. The animal was dead 


trap, but the skin and i preserved in good condition. During 





saw these small n several occasions around a rock 

ym the foundation of ar 1 hotel within fifty feet of our cabin. We 

& in olaeaiiend rger Mustela frenata which was also 

lecte ye en gl ung University collection 

Thev have not been critically studied for subspecific identification. The genital organs of 
some of the specimens were also saved for microscopic examination.—C. Lynn Haywarp 


Department of Zoology, Brigh } yl 2 Utah. Rec l Februe 8, 1949. 


THE LEMMING VOLE, SYNAPTOMYS BOREALIS, IN NORTHERN MINNESOTA 





Lemming voles of the subgenus Mictor have never been recorded from north-central 
{ ted State lthough they might be expected occur there judging from records of the 
p ( Synapt VM l ] I Recent! xamination 
of specimens in the colle f eM Mu I Natural H veals that 
Synaptomy ‘ealis docs occur in north-central United States fe el e found the follow 
ing specimens referable to that species: one immature female (No. 951, MMNH) from Wil 
iams, Lake of the Woods County, Minnesota, collected Gust Swanson, August 5, 
1932; one adult ma D 2552, MMNH rroad, KRoseau Cour Minnesot col 
ected by H. L. Gunder nd B. J. H J 27, 1948 

These specim«s probabl feral e sul t nith 
Anderson and Rand, which has been assig pecimens frotr yuthern Manitoba, al 
though comparison of body and skull measurements with lished measurements proved 


inconclusive RaLpu M. WETZEL AND Harvey L. GuNnpERSON, Muss of Natural History, 
University of Illinois, Urbana, Illin l Muse f Natural Hist University of Min 
nesota. Minneapolis, Minnesota. Received Febr ” 1949 

RANGIFER CARIBOU IN MAINE IN 1946 


Over a decade : this Journal (vol. 19, no. 1: 42, Feb., 1938) I stated th it, except pos 





sibly for a si e caribou reported in 1913, no Maine reports of occurrence of this species 
after 1910 were worth serious consideration. G. M. Allen (Extinct and Vanishing Mammals 
f the Western Hemisphere: 312, 1942), without giving details, advanced the date of last 
yecurrence by stating that a small herd remained near the St. John River ‘‘until 1916, but 
ince this time there seem to be no certal records.’’ Anderson (Ann Rept 1938 Provancher 
Soc.: 94, 1939) clear! mplied that caribou wert | nt from the Prevince »f Quebec south 

the St. Lawrence River, except in the interior of Gaspé Peninsula, and stated that the 


st ones in New Brunswick were reported there in 1927. I r (Nat. Mus. Canada, Bull 





102: 180, 1946), he stated that ‘‘possibly’’ small numbers existed in northwestern New Bruns- 
wick. More recently, Morris, in this Journal (vol. 29, no. 2: 173, May, 1948), stated that cari 
bou no longer are found in the latter proving or the years since 1913 the o:ly Maine 
report that I have found satisfactory « estigation is that here given—for loeality 


only about 180 mile from carit 1 country o1 | Gasp 
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igust, 1946, Mr. and Mrs. Joseph Willette of Rumford, Maine, were driving it 
4 new private road in Township 9, Range 18, in extreme northern Somerset 


Thi 
his 


road ¢ 
Quebec side of 


Maine-Canadian border and 
] 


road 


the 


1. The Willettes saw an animal in the 


yne 


must 


ents 


r Vi 
r svi 


ind drove up quite close 


nnects with another running through a series of townships « 


sine 


it 
» 1 


here 


Mrs 








1 to have the auto stopped and, without getting out, she took a snapshot of 
i bull earibou 1 well-developed antlers. The Willettes were told by persons 
itv that th ! had beer ( i. short span of time at different localities 
| vf the Int ynal Boundar psh« hich was shown to man 
Sol is quit r ure and M e planned to present it to the Stat 
Augu On July 5 M48. she d me that, when el iouse, she had dis 
photograpl egativ th f th ribou u ly included. Her 
17 ). te the loss he « p | I am sorry I can 
caribou p sallr lewe I uined with other belongings 
) t in lar while the Will ver n the woods ,ALPI 


Depa t of Zoology, Vassar College, Poughkeepsie, New York, Receive 
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BossE.ut, H. Generalized leishmaniasis in a cat. Trop. Disease Bull., London, vol 
9, p. 775. September, 1948. 


Bourret, René. Les mammiféres de la collection du Laboratoire de Zoologie de l’Ecol 


+O, DO 


Supéric ul des Sciences. Notes & Travauxt Feol Supérieure Sciences, Univ 
Indochinoise, Hanoi, no. 1, pp. 1-44, pls. 2 (not numbered). December, 1942 
New Hipp ider larvatus al nge H tran inhe ‘i Parascotomane yy P 
beaulieui, Petaurista lylei miloni, Ratt ndosinic ientianensis. ‘‘Les cing 
espéces ou variétés nouvelles sont décrites dans les Comptes rendus du Conseil de 
Rechercl Scientifiques de l’Indochine, 2° semestre 1942.’’ 


Bower, Warp T. Alaska fishery and fur-seal industry. Pribilof Islands fur-seal industry 
1946. U.S. Dept. Interior, Fish & Wildlife Service, Stat. Digest no. 17, pp. 49-70. 
1948 





BraMBeE.LL, F., W. Rocers, anp Ivor H. Mitts. Studies on ster 





and prenatal mortali 


in wild rabbits. Pt. 4. The loss of embryos after implantation. Jour. Exper. Biol 
London, vol. 25, no. 3, pp. 2 
BRaMBELL, F. W. Rocers, Mecan Henperson, AND Ivor H. Mittus. The experimental 


11-269. September, 1948 


‘ 
induction of prenatal mortality and the subsequent elimination of the dead 
embryos in rabbits. Jour. Exper. Biol., Lond vol. 25, no. 3, pp. 209-218. Sep 
tember, 1948 

BranuaM, 8. E., ano 8. A. Carwin. Studies with Shigella d teriae (Shiga). I. Infectior 
and toxin action in mice. Jour. Infectious Diseases, Chicago, vol. 88, no. 1, pp 
60-65. July-August, 1948 

BRANHAM K., anp 8. A. Carin. Stud with SI iae (Shiga). IL. The 
effect of serums on experimental infection and i1 tion in mice. Jour. Infe 
tious Diseases, Chicago, vol. 83, no. 1, pp. 66-77. Ju August, 1948 

Breen, Joun F. The marmoset monk All-Pets M For i vol. 19, no. 1, p. 6 
January, 1948 

[neen, Joun F. Monkeys as pets. All-Pets Ma Fond du I vo ), no. 6, pp. 62-63 
no. 7, pp. 63-64 Ju July 1948 

Geivces, WiLu1AM. Wild animals of the world. ¢ len City Publ. Co., Garden City, New 
York, pp. 272, illus. by Mary Baker. 1948. (Short sketcl f 252 mammals 

Brive JANE. A morphological study of the develo; nt of the pl nta of the rat 
Jou M ) phe Philade Ip! \ he! I DI I 22 pis 1-4. Septen | er 
1948 


Healt} loronto, vol. 3 10. 9, pp. 367-37 pep 194 
Brow Joun H. Distribution of the house mo in All ( Ficeld-Nat.. Ottawa 
vol. 62, no. 5, p. 161 September-October O48 








7-1 llus. Mar« Ap 1948. (Kit fo ngal rat 
Bucuer, G. R., anp A. ANDERSON. Uropepsin output in cats treated with caffeine and his 


tamun¢ Amer. Jour. Physiol., Baltimor vol. 153. no. 3 pp 154-457. June | 

Bupkt! Pat L’industrie baleiniére et la protection des cétacés. Pro Natura, Bale, Switz 
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CavuBERE, B., anp R, CAuBERE. L’essaim de chiroptéres des grottes du Queire, commune 
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TWENTY-NINTH ANNUAL MEETING 


TWENTY-NINTH ANNUAL MEETING OF THE AMERICAN SOCIETY 
OF MAMMALOGISTS 


The twenty-ninth annual meeting of the American Society of Manmmalogists was held 
in Washington, D. C., June 14-17, 1949. Meetings were held in the United States National 
Museum and headquarters were at the Hotel Washington. About 110 members were present 
as well as an additional number of guests. 

> The local committee on arrangements consisted of: H. H. T. Jackson, Chairman, M. C. 
Gardner, Treasurer, V.H. Cahalane, L. K. Couch, D. E. Davis, R. M. Gilmore, D. H. John- 
son, W.M. Mann, C.C. Presnall, L. W. Swift, E. P. Walker, and Howard Zahniser. 


PROGRAM 
TUESDAY, JUNE 14 
8:00 P.M. 


Meeting of the Board of Directors, Hotel Washington 


Wepnespay, JuNnE 15 
8:30 a.m. 
Registration, Foyer, U.S. National Museum 
10:00 a.m: 
Auditorium, U. 8. National Museum 
Welcome by John E. Graf, Assistant Secretary, Smithsonian Institution. 
Response by Tracy I. Storer on behalf of the American Society of Mammalogists. 
1. The Division of Mammals of the U. S. National Museum. David H. Johnson, U. S: 
National Museum 
2. Mammal research in the Fish and Wildlife Service. Logan J. Bennett, U. S. Fish and 
Wildlife Service. 
3. The International Union for the Protection of Nature—A new hope for vanishing 
species? Harold J. Coolidge, Pacific Science Board, Washington 
4. Present status of the great Indian rhinoceros. (Including film.) 8. Dillon Ripley, Yale 
Peabody Muse um. 
5. Wildlife introduction in New Zealand. Clarence Cottam, U.S. Fish and Wildlife Service, 


12:00 NOON 
Group Photograph, South Steps, National Museum 
2:00 P.M. 
Auditorium, U; 8. National Museum 


6. An experimental study of habitat selection by the deermouse, Peromyscus maniculatus 
Van T. Harris, University of Michigan, Laboratory of Vertebrate Biology 

7. Habitat relations of the woodmouse and the prairie deermouse. F.C. Evans, University 
of Michigan, Laboratory oj Vertebrate Biology. 

8. Growth and development in Peromyscus leucopus neveboracensis. Arthur Svihla, Uni- 
versity of Washington 


9. A new type of cage for recording the total activity and daily rhythms of small mammals. 
Eskil L. Karlson, University of Pittsburgh 











20. 
21 
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10. Wheel-cage activity records of several species and subspecies of Peromyscus. Lee R. 
i Dice and Sherman Hoslett, University of Michigan, Laboratoty of Vertebrate 

Biology, and Luther College, Iowa 

11. Laboratory studies with Peromyscus. Robert H. Stinson, University of Toronto. 

2. Seasonal variation and home range in a wild house mouse population. Robert Zanes 
Brown, Johns Hopkins University 

13. Home ranges and populations of the western chipmunk, Eutamias amoenus affinis 
(Allen). Harold E. Broadbooks, University of Michigan. 

14. A live-trapping plan for estimating population density of small mammals. Don W. 
Hayne, Michigan State College. (Read by L. R. Dice) 

15. Small mammal succession in an Illinois stripmine. Ralph M. Wetzel. University of 
Illinois 

6. Home range of the Norway rat in a formalized environment. John B. Calhoun, Johns 
Hopkins University. 


_ 


8:00 p.m. 
Room 43, U. 8S. National Museum 
Mammalogists’ Rogues Gallery. William H. Burt 
9:00 P.M. 


Division of Mammals 


and Biological Surveys Laboratories 
Get-together and Smoker 

THURSDAY, JUNE 16 
9:00 a.m 


Auditorium, U. 8. National Museum 





17. Some mammali reservoirs of dis« e, with special reference to Malayan rodents; 





Robert Traub, Army Medical Department 
18. Subspeciation in the vole-lemmings of the subgenus Synapton ys Ralph M Wetzel, 
University of Illinois 


19. The use of cranial measurements in subspecies of Thomomys talpoides. C. A. Tryon, Jr. 
University of Pittsburg) 

20. Shrews from the Upper Pliocene of Kansas. Claude W. Hibbard, University of Michigan. 

21. Food and feeding behavior of the opossum in New York state W. J Hamilton, Jr., 


Cornell Universit 


toom 43, U. S. National Museum 
Annual Business Meeting 
(Members only 
Election of Officers 
2:00 P.M, 
Auditorium, U. 8. National Museum 


22. Studying and photographing small mammals. Ernest P. Walker, National Zoological 


Park 


Denning habits and home range of red foxes in New York state. William G. Sheldon, 


bh 
oo 


University of Massachusetts. 


24. Timber wolf movements on Sibley Peninsula, Ontario. Antoon de Vos, Ontario Depart- 
ment of Lands and Forests. (Read by title only 
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25. Cooperative wildlife management of the George Washington Nati 
Ned Thornton and P. J. Hanlon, V 
eries and U. S Fe rest Se rvice. 

26 Winter habits and numbers of the tin be 
(Re ud by title only 

27. Notes on a tarsier born at the Philadelphi 

f Pp ladelr 
of Philade ph ( 
28. The fat content of pe lar bear tissues. Cl 
onl 
29. Fats in the tissue of the retic wa 
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30. Fecundity of white-tailed deer. Ralph S 
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42. Breeding habits of the southern woodchuck in Maryland. Roy A. Grizzell, Jr., Patuxent 
Research Ref. ige 

43. The sex reactions including the copulation of Erethizon d. dorse 
University of Buffalo. (Film 


1ztum. Albert R. Shadle, 





44. Methods and techniques for screening and field testing potential rat repellants. James 
R. DeWitt, Jack Welsh, and Irwin Bellack, U.S. Fish and Wildlife Service 
2-00 " 
Mot n Pi ire i Lectures 
Auditorium, U.S. N Museum 


At the meeting of the Board of Directors on June 14, positions were filled as follows: Lee 


Crandall was elected a trustee to fulfill the unexpired term (1948-1951) caused by the death 

W. Reid Blair; William K. Gregory was reelected a trustee for the three year term 1949 
952: and William H. Bu cted edit 

The annual business meeting on June 16 v ttended by 57 members and was presided 
ver bv Vice-President Storer, in the absence of President Kellogg. The following officers 
vere elected: Tr I. Storer. Presid I Dice and William J. Hamilton, Jr., Vice 
Presidents: Robert T. Orr, Recording Secret Donald F. Hoffmeister, Corresponding 
<3 , nd Viola 8. SX Treasure ire e term 1949-1951 were elected 






P. Young, 


1 Harold J. Coolidge, Jr. The 161 nominee membership were elected. The Society 
P t in the International Union { e Protection of Nature and to continue as an 
, A meric Ins - 3 y S 

It is with d re Societ ear! ne nbers, three of whom 

ife r ur f vhor vere cl h pers 1 Adams, tEdward 





I 
Cole. Ned Dearborn, Reinhold L. Fricke, *Mabel P. Hollister, *R. Bruce Horsfall, George 
LL *Aldo Leopold, Einar Lénnberg, *E. L. Moseley, *Austin Roberts, Paul Rode, 


William T. Shaw, Carl M. Steenberg, H H.S Francis B. White 
Tw ime iment t the By-L . $s; recommended f the Directors were passed 
Article II, S« 3, as now amended shall read Honorary members shall be elected by a 
najorit te of the Society upon unanimous recommendation of the Directors in recogni 
yn listinguished service to mammalogy. They shall be exempt from all dues and shall 
entitled to all privileges of members Article VII, Sec. 2, was amended to read, ‘‘Any 


vavment of one hundred dollars at one time shall be entitled to life member- 





be exempt from membership dues 


‘ts of the Recording Secretary, Corresponding Secretary, Treasurer, Trustees, 





ieck-list were read 1d accepted Reports of the 


| committees on the Index and C 
ollowing standing committees were read and accepted: Conservation of Land Mammals, 
Bibliography, Marine Mammals, Economic M mmalogy, Nomenclature, Membership, 
Editorial. Reports of representatives to other societies were presented 

The site of the 1950 annu il meeting was determined by) preferential voting with the 
following results: 1, Yellowstone National Park; 2, Denver; 3, ‘ tharleston, 8. C.; 4, Grand 
Canyon; 5, Rocky Mountain National Park; 6, Boston; 7, New York; 8, Columbus, Ohio; 
9. Davis, California. The majority voted to have the meetings held in June. 

The corresponding secretary submitted the following summary of membership, subscrip- 


~ 


tions, and mailing for the year ending December 31, 1948. 








1947 AND 1948 
MEMBERSHIP 
Changes since preceding annual report 
Nominees 
Resignations 
Deaths reported. 
Members dropped (delinquent) 


“ “ 
Total... 
Net Change 
Status as of December 31 
Honorary members 
Life members 
Members inactive for duration 
Annual members (excluding inactive for duration 
Total membership 
SUBSCRIPTION 
Change since preceding report 
New subscriptions 
Subscriptions cancelled 


Net change 


Status as of December 31 
Total paid subscriptions 


Marine List 
Total membership 


Members not receiving Journal 


Total members receiving Journal 
Total paid subscriptions 


Total mailing list 
Net change from preceding year. 


RESOLUTION 


Be it resolved: That the American Society of Mammalogists at its twenty-ninth annual 
stated meeting extend to the United States Nationa! Museum and the National Zoological 
Park of the Smithsonian Institution, to the Fish and Wildlife Service and to the local com- 
mittee its thanks and hearty appreciation for providing the facilities and entertainment 
which have contributed so largely to the success of the meetings and to the enjoyment of 
the attending members. 
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OBITUARY NOTICES 





CHARLES TAYLOR VORHIES 


1879-1949 


Professo r Charles T. Vorhies, Charter Member of the Seciety, noted researcher on desert 
e, died May 10, 1949 hile attending meeti: 
C 


id Blair, Trustee of the American § 


tor of the New York Zoological S 


gs of the Wildlife Society in Washington, 


WILLIAM REID BLAIR: 1875-1949 
ociety of Mammalogists since 1933 and 
\zical Society since 1940, died May 1, 1949 


FRANK ERNEST ALOYSIUS THONE: 1891-1949 





i] one. science writer for Science Service since 1924, died suddenly in Washing- 
August 25, 1949. He was a member of the Society since 1932 
JOHN PEARCI 1908-1 ) 
-ce. Regior ) he I I Wildl Ser died April 8, 1949» 
1] Mr. P , 93] 
F. ¢ ALCOT 
Mi fe 4} oe Rr Valeott of Norfolk, Connecticut, 
194° 
DATE OF ISS OF PREVIOUS NUMBER 


August 17, 1949 
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